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Electrodeposition process of
perrhenate ions from KNO
and Na,SO, backgrounci
electrolytes in the presence
of citric acid

N.Zh. Zhumasheva’, L.K. Kudreeva,
A.R. Kalyyeva, G.L. Badavamova

Al-Farabi Kazakh National University,
Almaty, Kazakhstan
“E-mail: nazeka_0905@mail.ru

Processes involved in the electrodeposition of perrhenate ions were studied from two
different potassium nitrate and sodium sulfate background electrolytes in the presence of citric
acid on graphite electrode by cyclic voltammetry method. Anodic and cathodic potentials of
deposited film were determined. After electrolysis process, morphology and content of obtained
deposited layers were investigated by SEM and X-Ray methods. The coated film from sodium
sulfate background electrolyte was not uniform and Re content was 60.83-65.5%, in case of
potassium nitrate electrolyte, the deposited film was more densely located, and Re content was
80.94-82.52%. In the presence of nickel sulfate and citric acid, an alloy was formed with content
of Re 80.94-82.52%, 14.10-11.83% of Ni, 4.96-5.66% of impurities, which were confirmed by X-Ray
method. The current density decreased with addition of citric acid into sodium sulfate background
electrolyte and in cathodic area, the reduction potential of perrhenate ions remained the same,
but oxidation potentials changed from 0.25 to 0.35V and from 0.5 to 0.6 V. The influence of
citric acid on potentials of the processes of reduction and oxidation of perrhenate ions from
potassium nitrate gave following results: reduction peaks shifted from -0.35 to -0.55 V, and multi
peaks of oxidation appeared which were not noticeable without citric acid. It was shown that
citric acid has inhibitory effect on reduction and oxidation of perrhenate ions. It is shown that
the electrochemical reduction of perrhenate ions leads to the formation of rhenium dioxide in
different forms.

Keywords: perrhenate ions; electrodeposition; rhenium; cyclic voltammetry; electrolysis.

KNO, )l(al-ie.NaZSO4 $oH
3NEeKTPONIUTTEPIHEH IMMOH
KbILWKbI/Ibl KAaTbICbIHAA
neppeHaT MOHAJaPbIHbIH,
3NEKTPTYHY npoueci

H.XK. ymawesa’, /1.K. Kyapeesa,
A.P. KanbieBa, I./1. bBagaBamoBa

on-dapabu atbiHAaFbl Kasak ¥ATTbIK
yHuBepcuteTi, AnmaTbl, KasakcTtaH
"E-mail: nazeka_0905@mail.ru

Lnknai BonbTamnepomMmeTpuaAabIK 9A4iC apKbl/ibl rpaduT 3NeKTPOoAbIHAAFbI TMMOH Kbl LUK bI/bI
KaTbICblHAA SPTYPAi €Ki Kanui HUTpaTbl, HaTpui cynbdatbl GOHAbI 3NEKTPOAUTTEpPiIHAEri
neppaHaT WOHAAPbIHbIH TOTbIFY-TOTbIKCbI3AAHY npoueci 3epTTeniHAi. TyHFaH KabaTTbiH,
QHOATBIK YKAHe KaToATbIK NOoTeHUManaapbl aHblKTanabl. INEKTPOAN3 NpoLLeCiHeH KeliH TyHFaH
KabaTTblH, mopdonormacel meH Kypambl CIM kaHe PDA apKbinbl 3epTTendi. Hatpuit cynbdatsl
9NEKTPOAUTIHEH TyHFaH TyH6a 6ipKenki TyHFaH KOK, TyHbBaHbIH KypambiHga Re Kypambl
60,83-65,5% 60nabl, KaAW HUTPATbl INEKTPOAUTIHAE TYHFaH TYHOA Tbifbi3blpaK 6014bl, KaHe
KypambiHaa Re 80,94-82,52% 6onabl, HUKeNb CynbdaTbl MEH JIMMOH KbllWKblbl KaTbiCbiHAA
KyiMma Ty3ingi, Kypambl 80,94-82,52% Re, 14,10-11,83% Ni, 4,96-5,66% KocnagaH TypaTbiHbl
peHTreH aaicimeH aanenpeHai. Hatpuii cynbdaTbl 3/1€KTPONUTIHAE SIMMOH KbIWKbI/bIHbIH,
MeJ/ilepi apTybIMeH TOKTbIH TbIfbI34blfbl TOMEHAEAI, an KaTog aliMafbiHAA NepeHaT UOHbIHbIH
TOTbIKCbI3AAHY NOTEHUMaNbl e3repiccis Kangbl, 6ipak ToTbliFy noTeHuunanol 0,25 B-taH 0,35 B-ka
aHe 0,5B-TaH 0,6 B-Ka bIfbICTbl. JIMMOH KbIWKbIIbIHbIH, Ka/AWUiA HUTPATbl 3NEKTPOAUTIHEH
neppeHaT WOHAApPbIHbIH TOTbIKCbI34aHY XaHe TOTblFy MOTeHUMangapbiHa acepi Keneci
HaTUXKenep bepai: TOTbIKCbI3AaHy WbiHAApbl -0,35 B-TeH -5,5 B-Ka AeWiH aybiCTbl KoHE NMMOH
KbILIKbI/Ibl KAaTbICbIHCbI3 BalikanmaFaH BipHelle MynbTV TOTbIFY WbIHAAPbI Naaa 6onabl. IMMOH
KbILKbIAbIHbIH, NeppeHaT MOHAAPbIHbIH, TOTbIKCbI3AaHybl MeH TOTbIFyblHa MHIMBUTOP/IbIK acepi
6ap ekeHpairi kepceTingi. MeppaHaT MOHAAPbIHbIH, 3NEKTPOXMMMUANBIK TOTbIKCbI3AAHYbI PEHUNLIH,
apTypAi bopmaaaFbl oKcMATEp TY3iNyiHe anbin Keneai.

TyiiHce3aep: neppaHaTMOHAAPbI; 3NEKTPTYHAbIPY; PEHUIA; UMKNABIKBONbTAMMNEPOMETPUS;
3N1EKTPONU3.
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Mpoueccsl, CBA3aHHbIE C 31EKTPOOCAKAEHNEM MEPPEHAT MOHOB, BbIN U3yUYeHbl B ABYX
pasHbiX GOHOBbIX INEKTPOAUTAX: HUTPAT Kanus, cynbdaT HATPUA B MPUCYTCTBUU JMMOHHOMN
KUCNOTbl Ha rpaduMTOBOM 3N1EKTPOAE METOAOM LMKAUYECKON BOAbTamnepomeTpuu. bbinun
onpefeneHbl aHOAHbIe W KATOAHble MOTEHUManbl OCaXAEeHHOW naeHKu. Mocne npouecca
3N1eKTpoAnsa mopdosiorMa MU cocTaB MNOJYYEHHOrO OCaXKAEeHHOro cnoa 6blv UccaenoBaHbl
meTogamu COM u POA. MonyyeHHan naeHKa n3 GoHOBOro anekTponuTa cynbdara HaTpus 6bina
HEeOHOPOAHOW, U coaepKaHue peHua coctasuno 60,83-65,50%, B ciyyae aneKTpoanuTa HATpaTa
Ka/ns o0CaXkAeHHan naeHka bbina 6onee NOTHOW, M coaepkaHue Re coctasnsano 80,94-82,52%, B
NPUCYTCTBUM CyNbdaTa HUKENA U TIMMOHHOM KUCNOTbl 06pa3oBaBLlIMiACA CNAAB UMEN CAeayowmnin
cocTaB: Re — 80,94-82,52%, Ni—14,10-11,83% 1 4,96-5,66% npumeceit, 4To 661710 NOATBEPKAEHO
metoaom POA. C nobaBneHnem IMMOHHOW KMUCIOTbl B GOHOBBIN 31EKTPONUT cynbdaTa HaTpus
NAOTHOCTb TOKAa yMeHbluasiacb, U B KaToAHOW 06/1acTv noTeHuMan BOCCTAHOBAEHUA WOHOB
neppeHaTa OCTaBa/CA TEM e, HO NOTEHLMaNbl OKUCNeHUA bbian cmeleHbl ¢ 0,25 B go 0,35 B
nc 0,5B go 0,6B. Hasimune NMMOHHOIN KUCNOTbI B 3/71EKTPOAUTE (HUTPAT Kanus) NOBAMANO
Ha MnoTeHUManbl NPOLECCOB BOCCTAHOBNEHUA W OKUCNEHUA MNeppeHaTHbIX MOHOB: MUKKU
BOCCTAHOBAEHMA cmecTunmncb c-0,35B n0-0,55 B, 1 NOABMANCH MyNbTU MUKU OKUCNEHUA, KOTOPble
He 6blNn 3ameTHbI 6€3 IMMOHHOM KUCNOTbI. BblI0 MOKa3aHo, YTO IMMOHHAA KMCAOTa OKa3biBaeT
MHTMBUpYytowee AeicTBME Ha BOCCTAHOBNEHME U OKUC/IeHMe neppeHaT MOHOB. [oKasaHo, YTo
3N1EKTPOXMMMUYECKOE BOCCTAHOB/JEHME MeppeHaT MOHOB MPMBOAMT K 06pasoBaHMIO OKcuAa
peHuA B pasiMuHbIX Gopmax.

KnioueBble cnosa: neppeHar
BO/IbTAMMEPOMETPUSA; INEKTPON3.

WNOHbI; 3N1EKTPOOCANKAEHUE; PEHW; LUKANYecKas
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Electrodeposition process of perrhenate ions from KNO, and
Na,SO, background electrolytes in the presence of citric acid

N.Zh. Zhumasheva* 7, L.K. Kudreeva

Al-Farabi Kazakh National University, Almaty, Kazakhstan
*E-mail: nazeka_0905@mail.ru

, A.R. Kalyyeva

, G.L. Badavamova

1. Introduction

Rhenium is one of the rare metals in our Earth crust. This
metal is in high demand because of its unique properties. World
rhenium reserves are contained mostly in molybdenum copper
deposits [1]. This rare metal is found as the alluvial deposits of
copper in our country. The Zhezkazganredmet is the state
owned producers of rhenium in our homeland [2]. Kazakhstan is
an exporter of ammonium perrhenate to other countries. Price
of pure rhenium is much higher in comparison with its
compounds [3]. Hence, our country needs to develop the
methods of producing pure metallic rhenium, which would be
more advantageous to the economy of our country.

Application areas of rhenium and its compounds are
developing in recent decades. They are used in different fields
as contact points, metallic coatings, heating elements, x-ray
tubes, and catalysts etc., [4]. Rhenium alloys are mostly used in
rocket industry for parts of missiles as such alloys have high
melting point, resistant to corrosion and light [5]. Rhenium
catalyst replaced many other previously used catalysts in
refinery plants. In order to obtain gasoline which free from lead
a catalyst made from rhenium compounds are used [3]. During
last decades researchers have high interest in investigating of
biosensors made from different electrodes. The choice of
electrode material and its modification is becoming popular
topic because it can be used as sensors. Modification of
electrode surface with different polymers to get precise signal
from analyte is under the investigation. Therefore, rhenium also
is a good candidate to be used as transducers in making sensors
as it has catalytic properties [6].

Rhenium based films can be deposited using chemical or
physical gas phase condensation method known as CVD
(chemical vapor deposition) and PVD (physical vapor deposition)
or by other methods like electron beam physical vapor

deposition (EB-PVD), powder metallurgy (PM). The drawbacks
of using the above-mentioned methods are the difficulties of
obtaining uniform coatings and not usual possible to deposit
multilayer films and composites. Additionally, they are
technically complicated and consume a lot energy to maintain
high condensing temperature [7]. Not to mention that these
methods need to maintain vacuum and high temperature inside
device. Hence, it is not effective economically to use expensive
devices to obtain metallic coatings.

It is very important to choose the optimal condition for
electrolysis including the electrolyte composition. Nowadays
the different type of background electrolyte exist. One of them
is the using of citrate electrolyte at deposition of metals and
metal alloys. Citrate based electrolytes have been used at
electrodeposition of copper [8], nickel [9], gold [10], zinc [11]
and Fe-W [12], Fe-Mo [13], Ni-W [14] other alloys. The citrate
electrolyte has properties as buffering, brightening, complexing
agent and as facilitator of codeposition. The reduction process
of alloy takes place at more negative potentials as a result of the
formation of metal complexes with citrate [14]. It was revealed
that the addition of citric acid into the bath led to the deposited
nickel grain size decrease [15]. Codeposited Re-Ni alloy from the
KReO, in a citrate electrolyte bath had a monocrystalline
structure [16]. Investigation of plating gold from citrate and
phosphate electrolytes showed that the microhardness of gold
film coated from citrate electrolyte was higher than from
phosphate electrolyte [10]. Aqueous citrate based electrolyte
as it is nontoxic, provides stable pH (4-6) and forms strong
complexes with Zn ions which are widely used at deposition of
this metal and its alloys [11]. Co-Mo-Re ternary alloy was
codeposited from citrate electrolyte with good quality at
pH=6.3 and 3.5 with current efficiency 20.3-84.5% and 47%
with alloy content Co,,..Mo, , Re, ,+Co, Mo, .Re, and Co,
Mo., .Re _[17].

29.5 29.5
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6 Electrodeposition process of perrhenate ions from...

The electrochemical deposition of rhenium and alloys
from an aqueous solution is convenient and promising
alternative method. Electrochemical method of metal
deposition has comparatively more advantages than CVD and
PVD. Nevertheless, here in this method there are its own
drawbacks that need to be studied in order to eliminate them.
Hindering factor in electrodeposition process off perrhenate
ions is hydrogen over potential in case of aqueous solvent.
Electroreduction potential of rhenium near to the
electroreduction potential of hydrogen atoms [18]. Reduction
of rhenium from aqueous electrolytes has its drawbacks. It goes
with presence of hydrogen overvoltage process [19].
Consequently, it decreases efficiency of deposition by
interfering into uniformity of deposited film on electrode
surface. Therefore, it is important to optimize the
electrodeposition process of perrhenate ions.

The purpose of [20] has been to study the influence of
electrolyte pH and it has been reported that the
electrodeposition of rhenium occurs better in an acidic
environment than an alkali solution. Electrodeposition process
of rhenium reduction from acidic and alkali environment has
also been extensively investigated by Mendez.E [19] research
group. Rhenium oxides activates hydrogen evolution reaction.
Alejandro Vargas Uscategui research group investigated
reduction of rhenium oxide from alkaline aqueous electrolyte
into indium tin doped oxide by pulsed current deposition and
rhenium oxide catalytic effect towards hydrogen evolution
reaction [21]. It was reported that high acidic environment and
low concentration of perrhenate ions leads to the formation of
metallic Re with probable reduction process: ReO, ->ReO,
->Re®* >Re’. Reversely, if concentration of ReO, is high it is
inclined into the formation of ReO,, with following process:
ReO, >ReO, - ReO,,Re0, which enhance HER reaction [22]. Q.
Huang research group tested the water in salt electrolyte at
depositing of rhenium. Here a high concentration of lithium
chloride was used that significantly improved the morphology
of Re deposit and the HER was suppressed [23].

In summary the various sediment are formed at
elctrodeposition of perrhenate ions in diverse solutions but
optimum condition and theory of analysis of reduction and
oxidation process have not reached an agreement yet. A survey
of literature indicates that electrodeposition of rhenium from
perrhenate ions in citrate bath have not been done. The
electrodeposition of rhenium alloys from citrate bath is not
enough studied. Thus, the aim of this research work is to
investigate the electrodeposition process of perrhenate ions
from the KNO, and Na,SO, background electrolytes in the
presence of citric acid.

2. Methods of investigation

The investigation was done using cyclic voltammetry
method, electrolysis, X-ray method, scanning electron
microscopy method. CV measurement was done on 797 VA
Computrace voltammetry techniques. Electrochemical cell of

voltammetry consists of three electrodes: working electrode,
reference electrode, and auxiliary electrode. The graphite
electrode was used as working electrode; the saturated silver
chloride was used as reference electrode; platinum electrode
material was as auxiliary electrode. Before each experiment,
glassy carbon electrode surface was polished with figure eight
motion on a polishing pad [24]. After mechanical cleaning on
polishing pad the surface of electrode was treated with 0.1M
HNO, solution, afterwards with 0.1M NaOH solution and then
was rinsed with distilled water in order to avoid any surface
contamination. CV measurement parameters were kept
constant in all experiments. Conditions of cycles: start potential
was -0.050 (V), end potential was 2.000 (V); Hydrodynamic
(measurement): cleaning potential was 0.800 (V), cleaning time
was 60 (s), deposition potential was -0.600 (V), deposition time
was 60 (s), equilibration time was 5.000 (s). Sweep: start
potential was -0.050 (V), first vertex potential was -0.900 (V),
second vertex potential was 0.900 (V), voltage step 0.009 (V),
sweep rate 0.1 V/s.

Thex-ray spectrumidentification of elemental composition
on surface of electrode and SEM analysis were done on The
Energy-dispersed INCA Energy spectrometer from Oxford
Instruments (England), located in the electro-probe micro
analyzer with the brand “Superprobe 733”. (U=25 KV, 1=25 mA).
During the electrolysis process, the electrolyte solution was
stirred with magnetic stirrer whose basic brand is IKA RET to
ensure liquid samples are homogeneous in consistency and
temperature. Electrolysis process was carried out during
30 min. The potential of electrolysis was 30 mV.

In electrolysis, the graphite was used as cathode material,
while platinum was used as anode. Before every electrolysis
process the electrode surface was degreased, cleaned, and
rinsed with distilled water, then after dried electrodes was
weighed on analytical balances. Electrolysis cell, voltammetry,
ammeter, rheostats are main parts of the electrolytic device.
The voltage maintained during electrolysis was 0.26 V.

The reagents used at investigating: Na,SO,, KNO, were
usedwiththe constantconcentration of 0.1M. The concentration
of depolarizer NH,ReO, under study was constant 0.001 M. The
concentration of nickel sulfate NiSO, was 0.001 M. The citric
acid CH,0, used with concentrations between 0.1-0.001 M. All
reagents were of analytical grade. All solutions were prepared
in accordance to the standard and was stored according to the
standard.

2.1 Electrolysis of ammonium perrhenate

Electrolysis process was conducted with graphite
electrode as cathode and platinum electrode as anode. The
electrolysis time was 30 min. After CV results electrolysis of
above described 3 experiments were investigated.

Experiment 1: Background electrolyte Na,SO, (0.1 M)
20 ml, NH,ReO, (0.001 M) 10 ml, citric acid (0.01 M) 10 ml.

Experiment 2: Background electrolyte KNO, (0.1 M) 20 m|,
NH,ReO, (0.001 M) 10 ml, citric acid (0.01 M) 10 ml.

Experiment 3: Background electrolyte Na,SO, (0.1 M) 20 ml,
NH,ReO, (0.01 M) 10 ml, nickel and citric ions (0.01 M) 10ml.

BecTHuMK KasHY. Cepua xummyeckasa. — 2020. — Nel
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Reduction process of perrhenate ions were conducted in
presence of complexing agent citric acid at 3 different
background electrolytes. The electrolysis time was about 30
minute. After electrolysis the different types of films were
obtained depending on background electrolyte. Before
electrolysis each electrode mass were weighed and values were
written. After electrolysis they were weighed again in order to
find mass difference.

3. Results and Discussion

3.1 Reduction and oxidation of perrhenate ions in the
presence of citric acid in background sodium sulfate electrolyte

Sodium sulfate electrolyte was taken as background
electrolyte, whereas citric acid was added as complexing agent
in the redox process of perrhenate ions from aqueous solution.
In order to investigate the influence of citric acid at first
experiment, the volume of citric acid was varied and
concentration of perrhenate ions and background sulfate
electrolyte were kept constant.

As it can be seen from the voltammograms (Figures 1,2),
the reduction potential of perrhenate ions corresponds to -0.5
V, notably this peak appeared when volume of citric acid was 8
ml and perrhenate ions volume was 10 ml. In presence of citric
acid perrhenate ions oxidized between 0.35-0.6 V potentials. In
oxidation curve of perrhenate ions multi peaks in potentials
about 0.25-0.3V and 0.55-0.6V were observed. They give the
indication according literature reviews the different oxidation
state of rhenium, or correspond to the different oxides of
rhenium. Relying on information from literature review the
rhenium oxidizes in the form of different oxides in following
potentials [20]:

ReO, +2H*+e-=Re0,+H,0; E=+0.77B (1.1)
ReO,+2H*+2e'=Re0,+H,0; E=+0.4B (1.2)
ReO,+4H"+4e'=Re+2H,O; E=+0.26B (1.3)

According to works of Noar and Eliaz it was found that
citric acid and perrhenate form complex [ReO4H2Cit]* [25].
Perrhenate ion is an anion, so it has a negative charge, and
cathode also has a negative charge. In order to reduce
perrhenate ions into rhenium some energy requires to
overcome repulsion force between cathode and perrhenate
ions. It is an additional hindering factor to reduce rhenium. It
can be predicted that in anodic potential formed complex ions
due to strong electrostatic forces can be adsorbed on surface of
electrode and oxidize easily. 0.35 V potential matches with
oxidation potential of ReO,/Re®. By analyzing the graphs, it can
be observed that with increasing of citric acid concentration the
anodic peaks decreased, accordingly the value of current is
decreased.

In the second experiment, potassium nitrate was chosen
as second background electrolyte. Concentration of potassium
nitrate and perrhenate ions concentration were constant as in
previous first experiment.
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Figure 1 —The reduction polarization curve of 0,001 M
ammonium perrhenate (NH,ReO, ) in the presence of 0.001 M
citric acid on the graphite electrode in background solution of

0.1M Na SO,
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Figure 2 — The oxidation polarization curve of 0,001M
ammonium perrhenate (NH,ReO, ) in the presence of 0.001 M
citric acid on the graphite electrode in background solution of

0.1 M Na,S0,

The reduction potential of perrhenate ions was moved
towards cathodic area when increasing concentration of citric
acid in electrolyte from -0,35 V to -0,55 V (Figure 3). One weak
peak in potential around 0.35 V was observed in anodic area in
KNO, electrolyte without presence of citric acid. As it is seen
from Figure 4 the multi anodic peaks at 0.35V, 0.6 V, 0.7 V
appeared at adding of citrate ions into electrolyte. The first
peak might be the peak of phase sedimentation on surface of
graphite electrode. The next peaks might be the peaks of
adsorptions and oxidations. The initial peak of oxidation was
shifted from 0.3 Vto 0.35 V of anodic area. In the next oxidation,
the peaks were not noticeable in oxidation potential. It was

Chemical Bulletin of Kazakh National University 2020, Issue 1
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Figure 3 — Polarization reduction curves of 10 ml 0.001 M of
perrhenate ions in the presence of 0.001 M citric acid in 0.1 M
KNO, background solution
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Figure 4 — Polarization oxidation curves of 10 ml of 0.001M
perrhenate ions in the presence of 0.001 M citric acid in 0.1M
KNO, background solution

predicted that they might indicate the oxidation potentials of
following compounds ReO,/Re° +36 V, ReO,/Re0,+0.594 V,
ReO,/Re0+0.77 V.

The following solutions were taken for further
investigation: Na,SO, (0.1 M) 10 ml, H,SO, (0.1 M) 10 ml,
NH,ReO, (0.001 M) 10 ml, nickel and citrate ions’ volume ratio
at 1:9, 2:8, 3.7, 4:6, 5:5, 6:4, 7:3, 8:2, 1:9. As it is observed (Figure
5), the reduction process was around at -0.45V potential.

The alloy of nickel and rhenium is reduced on the surface
of electrode. From Figure 6 two anodic dissolution processes
were noticed, first one corresponds to 0.45 V potential, second
—100.65 V potential. They confirm that the first peak is the peak
of nickel oxidation; the second one corresponds to the rhenium
oxidation process.
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|— 48 dtaNi
|— 55 ditaNi
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Figure 5 — Polarization reduction curves of 0.001 perrhanate
ions in the presence of 0,001M nickel sulfate and citric acid in
different ratio of NiSO,:C H,O,
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55 ctani
|—— 64 cit.aNi
|—— 82 cit.aNi
— 91 ctani
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Figure 6 — Polarization oxidation curves of 0.001 M perrhenate
ions in the presence of 0.001 M nickel sulfate and citric acid in
the different ratio of NiSO,:C.H,0,

The reaction of these processes explained in following
way as given below. According to investigation of Noar [25]
during adsorption process of nickel on surface of electrode
occur intermediate space, which create proper condition to
reduction process of perrhenate ions until metallic form.

[Ni(Cit)2]* = Ni?* + 2Cit* (1.4)
Ni** + 2e =Ni° (1.5)
2Hcit> + 2e = H, + 2Cit*> (1.6)
H,Cit + 2e = H, + Cit> (1.7)
7Ni° + 2(ReO H,Cit)* + 16H+ =7 Ni** + 2Re’+ 8H,0 +
+2H,Cit (1.8)
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3.2 Results obtained from X-ray analysis

X-ray analysis spectra of deposited film was carried out.
Rhenium deposition from Na,SO, and KNO, in the presence of
citric acid were about 60.83-65.5 and 92.92-93.65 % respectively
(Table 1). According to X-ray analysis, codeposited nickel and
rhenium alloy content found to be about 80.94-82.52 % rhenium
and about 14.10-11.83 % of nickel with impurities of 4.96-5.66 %.

Appearance of obtained films after electrolysis was
different. In the first experiment, the color of coated film was
between grey and black. In the second experiment, the film
color was black, in the third — it was shiny yellow. The film
obtained in the third experiment proved the reduction of the

Table 1 — X-ray data and deposited film mass after electrolysis

alloy, as the color of the film became shiny. The further
investigation of the obtained film by SEM and EDS methods has
been shown in Table 2. It should be noticed, in the first
experiment in sodium sulfate background electrolyte deposited
film was not uniform. In case of the second experiment, the
deposited film in potassium electrolyte was more densely
located comparing with the first experiment. Nevertheless,
there are still empty places between deposited particles.
According to the third experiment, it can be concluded that the
alloy has very high density, therefore, in Table 3 it cannot be
seen as porous film.

Content Re, % Ni, % Other impurities, % Deposited RexOyand ReNi
Experiment after electrolysis, (Am), g
Na2504, CH,0, 60.83-65.5 37.51-25.54 0.0008
KNO, C,H,0, 92.92-93.65 7.08-6.35 0.0009
Na,S0,, NiSO,, C.H,0, 80.94-82.52 14.10-11.83 4.96-5.66 0.0018

Table 2 — The appearance of graphite electrodes after electrolysis in the presence of depolarizer NH,ReO, in following supporting

electrolytes

Na,SO, and citrate bath

KNO, and citrate bath

NazSOAVCitrate and NisO,
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10 Electrodeposition process of perrhenate ions from...

Table 3 — SEM and EDS pictures of obtained films after electrolysis in the presence of depolarizer NH,ReO, in following supporting

electrolytes:

20um, EDS
Na,SO, and citrate bath

30000x, SEM
KNO, and citrate bath

5000x, SEM
NaZSOAVCitrate and NisO,

4. Conclusion

The deposition of rhenium in the presence of citric acid
using KNO,, Na,SO, background electrolytes on graphite
electrode was studied. The recovery and oxidation potentials of
rhenium in these electrolytes were determined using cyclic
voltammetry. The content and morphology of deposited film on
electrode was identified by using X-ray method and SEM
method. Deposited film in the background electrolyte of sodium
sulfate was non-uniform. It was observed that the reduction
potential of perrhenate ions from Na,SO, in the presence of
citric acid was not experienced potential shift, but current
density decrease was observed. In oxidation area with addition
of citric acid into the cell shift of the initial fist peak from 0.25V
to 0.35V potential and from 0.5V to 0.6V potential was detected
by indicating inhibitor effect of citric acid. In case of KNO,
background electrolyte the addition of citric acid into the
system shifted reduction potential of perrhenate ions from

-0.35V to -0.55V showing also inhibitory effect of citric acid into
reduction potential. In the oxidation potentials multi peaks
appeared by addition of citric acid which was not detected from
KNO, without citric acid. The film was deposited more dense
with more rhenium content from the potassium nitrate than
from sodium sulfate electrolyte in the range 92.92-93.65 and
60.83-65.5 respectively. In presence of nickel sulfate and citric
acid the yield of deposited alloy contained 80.94-82.52 %
rhenium and about 14.10-11.83 % of nickel with impurities
4.96-5.66% which was confirmed by X-Ray analysis. Reduction
potential corresponded to -0.5V. Two oxidation peaks was
detected at 0.45V and 0.65V.

Acknowledgments
The research work was conducted within the project of

the Ministry of Education and Science of the Republic of
Kazakhstan 0143/PCF-14 Program “Fundamental bases of

BecTHuMK KasHY. Cepua xummyeckasa. — 2020. — Nel



N.Zh. Zhumasheva et al. 11

processes based on electrochemical transformations” Project  Eduard-Florian Surdeanu’s help, English teacher at Nazarbayev
“Kinetics and mechanism of discharge-ionization of rare metals  Intellectual School.
on electrodes of different nature”. We highly appreciate the

References (GOST)

1 Uscategui A.V., Mosquera E., Cifuentes L. Transmission electron microscopy study of electrodeposited rhenium and rhenium
oxides // Materials Letters. —2013. — Vol.94. — P.44-46.

2 Naumov A.V. Rhythms of rhenium // Russian Journal of Non—Ferrous Metals. — 2008. — Vol.48, Is.6. — P.418-423.

3 Polyak D.E. Rhenium [Advance release]. — 2011.

4 Casas J.M., Sepulveda E., Bravo L., Cifuentes L. Crystallization of sodium perrhenate from NaReO4—-H20—-C2H50H solutions at
298 K // Hydrometallurgy. — 2011. — Vol.113-114. — P.192-194.

5 Cao H., Chai D., Wu L., Zheng G. Communication—A Mechanistic Study on Electrodeposition of Rhenium from Acidic Solution
of Ammonium Perrhenate // Journal of The Electrochemical Society. — 2017. — Vol.164, I1s.13. — P.D825-D827 .

6  Veerakumar P., Rajkumar C., Chen S.M., Thirumalraj B., Lin K.C. Activated porous carbon supported rhenium composites as
electrode materials for electrocatalytic and supercapacitor applications // Electrochimica Acta. — 2018. — Vol.271. — P.433-447.

7 Zhulikov V.V., Gamburg Y.D. Electrodeposition of rhenium and its alloys // Russian Journal of Electrochemistry. — 2016. - Vol.52,
Is.9. — P.847-857.

8 NiJ.Q., Han K.Q., Yu M.H., Zhang C.Y. Effect of sodium citrate on electrochemical behaviour of copper in acid bath // Materials
Science Forum. —2018. —Vol.913. — P.445-450.

9 Li C., Li X., Wang Z., Guo H. Mechanism of nanocrystalline nickel electrodeposition from novel citrate bath // Rare Metal
Materials and Engineering. — 2015. — Vol.44, |s.7. — P.1561-1567.

10 Dolmatov V.Y., Rudenko D. V., Burkat G.K., Aleksandrova A.S., Vul’ A.Y., Aleksenskii A.E., Kozlov A.S., Myllymdki V., Vehanen
A., D’yakov I.A., Dorokhov A.O., Kiselev M.N. A Study of the process of gold plating from citrate and phosphate electrolytes in the
presence of modified detonation nanodiamonds // Journal of Superhard Materials. — 2019. — Vol.41, Is.3. — P.169-177.

11  Kazimierczak H., Szymkiewicz K., Rogal t., Gileadi E., Eliaz N. Direct current electrodeposition of Zn—SiC nanocomposite
coatings from citrate bath // Journal of the Electrochemical Society. — 2018. — Vol.165, Is.11. — P.D526-D535.

12 Belevskii S.S., Gotelyak A.V., Yushchenko S.P., Dikusar A.l. Electrodeposition of nanocrystalline Fe—W coatings from a citrate
bath // Surface Engineering and Applied Electrochemistry. — 2019. — Vol.55, Is.2. — P.119-129.

13 Kuznetsov V.V., Golyanin K.E., Ladygina Y.S., Pshenichkina T.\V., Lyakhov B.F.,, Pokholok K.V. Electrodeposition of iron—
molybdenum alloy from ammonium-—citrate solutions and properties of produced materials // Russian Journal of Electrochemistry.
—2015.-Vol.51, Is.8. — P.748-757.

14 Benaicha M., Allam M., Dakhouche A., Hamla M. Electrodeposition and characterization of W—rich NiW alloys from citrate
electrolyte // International Journal of Electrochemical Science. — 2016. — Vol.11, Is.9. — P.7605-7620.

15 YeT., Institute of Microelectronics of Chinese Academy of Sciences, IEEE Electronics Packaging Society, Zhongguo dian zi xue
hui. Electronics Manufacturing & Packaging Technology Society, Fu dan da xue (Shanghai C., Institute of Electrical and Electronics
Engineers Di shibajie dian zi feng zhuang ji shu guo ji huiyi) // The 19'" International Conference on Electronic Packaging Technology. —
2018. — August 8-11, Shanghai, China.

16 Bersirova O.L., Kublanovsky V.S. Nickel-Rhenium electrolytic alloys: Synthesis, structure, and corrosion properties // Materials
Science. — 2019. - Vol.54, Is.4. - P.506-511.

17 Yapontseva V.S., Kublanovsky V.S., Vyshnevskyi O.A. Electrodeposition of CoMoRe alloys from a citrate electrolyte // Journal
of Alloys and Compounds. —2018. — Vol.766. — P.894-901.

18 Hahn B.P.,, May R.A,, Stevenson K.J. Electrochemical deposition and characterization of mixed—valent rhenium oxide films
prepared from a perrhenate solution // Langmuir. — 2007. — Vol.23, Is.21. — P.10837-10845.

19 Méndez E., Cerdd M.F.,, Castro Luna A.M., Zinola C.F., Kremer C., Martins M.E. Electrochemical behavior of aqueous acid
perrhenate—containing solutions on noble metals: critical review and new experimental evidence // Journal of Colloid and Interface
Science. —2003. -Vol.263, Is.1. - P.119-132.

20 Salakhova E., Majidzade V., Novruzova F., Kalantarova P., Huseynova R. The electrodeposition of rhenium in alkaline and acidic
elektrolytes // Journal of Chemistry and Chemical Engineering. — 2012. — Vol.6. — P.489-494.

21 Vargas—Uscategui A., Mosquera E., Chornik B., Cifuentes L. Electrocatalysis of the hydrogen evolution reaction by rhenium
oxides electrodeposited by pulsed—current // Electrochimica Acta. — 2015. — Vol.178. — P.739-747.

22 CaoH., Chai D., Wu L., Zheng G. Communication — A mechanistic study on electrodeposition of rhenium from acidic solution
of ammonium perrhenate // Journal of the Electrochemical Society. — 2017. — Vol.164, Is.13. — P.D825-D827.

23 HuangQ., HuY. Electrodeposition of superconducting rhenium with water—in—salt electrolyte // Journal of the Electrochemical

ISSN 1563-0331 Chemical Bulletin of Kazakh National University 2020, Issue 1
elSSN 2312-7554



12 Electrodeposition process of perrhenate ions from...

Society. —2018. — Vol.165, Is.16. — P.D796-D801.

24  Elgrishi N., Rountree K.J., McCarthy B.D., Rountree E.S., Eisenhart T.T., Dempsey J.L. A practical beginner’s guide to cyclic
voltammetry // Journal of Chemical Education. — 2018. — Vol.95, Is.2. — P.197-206.

25 Naor A, Eliaz N., Gileadi E. Electrodeposition of rhenium—nickel alloys from aqueous solutions // Electrochimica Acta. — 2009.
—Vol.54, 1s.25. - P.6028-6035.

References

Uscategui AV, Mosquera E, Cifuentes L (2013) Mater Lett 94:44-46. http.//doi.org/10.1016/j.matlet.2012.12.005

Naumov AV (2008) Russ J Non-Ferrous Met 48:418-423. http.//doi.org/10.3103/s1067821207060089

Polyak DE (2011) Rhenium [Advance Release].

Casas JM, Sepulveda E, Bravo L, Cifuentes L (2011) Hydrometallurgy 113-114:192-194. http.//doi.org/10.1016/j.
hydromet.2011.12.022

5 Cao H, Chai D, Wu L, Zheng G (2017) J Electrochem Soc 164:D825-D827. http.//doi.org/10.1149/2.0871713jes

6 Veerakumar P, Rajkumar C, Chen SM, Thirumalraj B, Lin KC (2018) Electrochim Acta 271:433-447. http://doi.org/10.1016/j.
electacta.2018.03.165

7 Zhulikov V V., Gamburg YD (2016) Russ J Electrochem 52:847-857. http://doi.org/10.1134/s102319351609010x

8 NiJQ, Han KQ, Yu MH, Zhang CY (2018) Mater Sci Forum 913:445-450. http://doi.org/10.4028/www.scientific.net/MSF.913.445
9 Li C, Li X, Wang Z, Guo H (2015) Rare Met Mater Eng 44:1561-1567. http.//doi.org/10.1016/s1875-5372(15)30093-x

10 Dolmatov VY, Rudenko D V., Burkat GK, Aleksandrova AS, Vul’ AY, Aleksenskii AE, et al. (2019) J Superhard Mater 41:169-177.
http://doi.org/10.3103/51063457619030043

11 Kazimierczak H, Szymkiewicz K, Rogal t, Gileadi E, Eliaz N (2018) J Electrochem Soc 165:D526-D535. http.//doi.
0rg/10.1149/2.0421811jes

12 Belevskii SS, Gotelyak A V., Yushchenko SP, Dikusar Al (2019) Surf Eng Appl Electrochem 55:119-129. http://doi.org/10.3103/
51068375519020054

13 Kuznetsov VV, Golyanin KE, Ladygina YS, Pshenichkina TV, Lyakhov BF, Pokholok KV (2015) Russ J Electrochem 51:748-757.
http://doi.org/10.1134/51023193515080066

14 Benaicha M, Allam M, Dakhouche A, Hamla M (2016) Int J Electrochem Sci 11:7605-7620. http://doi.org/10.20964/2016.09.17
15 YeT, Institute of Microelectronics of Chinese Academy of Sciences, IEEE Electronics Packaging Society, Zhongguo dian zi xue
hui. Electronics Manufacturing & Packaging Technology Society, Fu dan da xue (Shanghai C, Institute of Electrical and Electronics
Engineers Di shi ba jie dian zi feng zhuang ji shu guo ji hui yi = the 19th International Conference on Electronic Packaging Technology :
August 8-11, Shanghai, China. ISBN 9781538663868

16 Bersirova OL, Kublanovsky VS (2019) Mater Sci 54:506-511. http://doi.org/10.1007/s11003-019-00211-4

17 apontsevaYS, Kublanovsky VS, Vyshnevskyi OA (2018) J Alloy Comp 766:894-901. http://doi.org/10.1016/j.jallcom.2018.07.018
18 Hahn BP, May RA, Stevenson KJ (2007) Langmuir 23:10837-10845. https://doi.org/10.1021/la701504z

19 Méndez E, Cerda MF, Castro Luna AM, Zinola CF, Kremer C, Martins ME (2003) J Colloid Interface Sci 263:119-132. http.//doi.
0rg/10.1016/50021-9797(03)00165-6

20 Salakhova E, Majidzade V, Novruzova F, Kalantarova P, Huseynova R (2012) J Chem Chem Eng 6:489-494.

21 Vargas-Uscategui A, Mosquera E, Chornik B, Cifuentes L (2015) Electrochim Acta 178:739-747. http.//doi.org/10.1016/j.
electacta.2015.08.065

22 CaoH, ChaiD, Wu L, Zheng G (2017) J Electrochem Soc 164:D825-D827. http://doi.org/10.1149/2.0871713jes

23 HuangQ, HuY (2018) J Electrochem Soc 165:D796-D801. http.//doi.org/10.1149/2.0261816jes

24 Elgrishi N, Rountree KJ, McCarthy BD, Rountree ES, Eisenhart TT, Dempsey JL (2018) J Chem Educ 95:197-206. http://doi.
org/10.1021/acs.jchemed.7b00361

25 Naor A, Eliaz N, Gileadi E (2009) Electrochim Acta 54:6028-6035. http://doi.org/10.1016/j.electacta.2009.03.003

A WN

BecTHuMK KasHY. Cepua xummyeckasa. — 2020. — Nel






PacueT cTaHAAPTHbIX
3N1EeKTPOAHbIX NOTEHLMANOB
3N1EeKTPOXMMMUYECKOTO
BOCCTAHOB/IEHUA
BaHaAMeBbIX COe4UHEHMIA:
noa6op pyHKUMOHaNA
NAOTHOCTH
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BrepBble nMpoBefeHO cucTeMaTUyeckoe WUcc/ief0BaHWE MO BblABAEHUIO ONTUMANbHOIO
meToAa ¢YHKUMOHANa NAOTHOCTU ANA pacyeTa CTaHAAPTHLIX 3N1EKTPOAHbLIX MNOTEHLManos
3/1eKTPOXMMMUYECKOTO BOCCTAHOB/NEHUA BaHAAMEBbIX COeAMHeHWW. [na TecTupoBaHMA 6bian
BblbpaHbl WecTb GYHKLMOHANOB MIOTHOCTM Pas/IMYHOro TUna: nokanbHble OLYP u MO6L,
rmbpugHoie O3LYP u B3LYP, a Take meTa-rubpuaHblie ¢yHKuMoHanbl TPSSh n M06. B xone
nUccNesoBaHUA NIOKaNbHble U rMbpuaHble GYHKLUMOHANbI C OTHOCUMTE/NIbHO BbICOKMM BKAALOM
XapTpu-PpOKOBCKOTO  OBMEHHOrO  B3aMMOLEMCTBMA  MOKasanu  Hey[oBAETBOPUTE/IbHbIE
pesynbTaTbl. BYaCTHOCTH, LUMPOKO UCNONb3YeMbI TMBPUAHBIN GyHKLMOHaN B3LYP gna oaHow 13
nosnypeakuuii npotekatownxs BMNPA, anmeHHo ansanpespaweHunaV'"->V'"'smectooTpuuatenbHoro
3HAYeHUA CTaHAAPTHOrO MOTEHLMana MONYYeHO MONOXKWUTeNbHOe. Cpeau MCMOJ/b30BAHHbIX
B TECTMPOBAHWUM QYHKUMOHANOB HaMMeHbllee OTK/JIOHEHWE OT IKCMEePUMEHTANbHbIX AaHHbIX
nokasan meta-rmbpuaHbiin PyHKuMoHan TPSSh ¢ 10%-HbiM BK/AaAOM XapTpu-PpOKOBCKOTO
0b6MeHHOro B3aMmogencTeus. NpeanoKeHa ONTUManbHaA CXeMa pacyeTa ANA UCCNeAO0BaHUA
OKMC/INTE/IbHO-BOCCTAHOBUTENbHbLIX PEaKL M1 BaHaANEBbIX COeAUHEHW.

Kniouesble cnosa: Teopus ¢yHUMOHANA MAOTHOCTM; 6a3uCHbIA Habop; CTaHAAPTHbIN
3N1EKTPOAHbIN NOTEHLMAN; ONTUMMU3ALUA TEOMETPUU.
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TaHpay
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BaHaaui KOCbINbICTapblH 3N1EKTPOXMMMUABIK TOTbIKCbI3AAHY CTAHAAPTTbl 31EKTPOATbI
NnoTeHUMan[apblH ecenTey VYWiH Tbifbi3AblK OYHKLMOHANbIHbIH, OHTaW/Abl 3A4iCIH aHbIKTay
6oliblHWa anfaw peT XKyWeni 3epTTey )yprisingi. TecTiney ywiH antbl ToiFbI3AbIK GYHKLMOHANbI
TaHAaNAbl: KeprinikTi OLYP kaHe MO6L, rubpuati O3LYP neH B3LYP, coHgai-ak meTa-rubpuari
TPSSh skaHe M06 dpyHKUMOHangapbl. 3epTTey bapbicbiHAA KeprinikTi }kaHe XapTpu-Pok anmacy
9peKeTTecyi y/eci canbiCTbipMasnbl Kofapbl rMbpuAaTi GyHKUMOHANZap KaHafaTTaHFbICbI3
HOTUXKenep KepceTTi. ATan alTKaHAA, KeHiHeH NaliAanaHbIIaTbiH TMbpuATiK yHKLMOHaNbl B3LYP
BaHaAMINI afblHAbI pefoKc-aKKymynaTopaapaa eTeTiH apTblnai peakuuanapabiH 6ipi, AFHU
V">V aliHanablpy YLWiH 01 CTaHAAPTTbl NOTEHLMANAbIH TEPIC MAHIHIH, OPHbIHA OH MaHiH bepeai.
TecTineyne KongaHblNFaH GYHKUMOHANAAPAbIH, ilWiHAE SKCNepUMeHTanAbl AepeKTepAeH eH a3
aybITKy XapTpu-®ok anmacy apekettecyi 10% ynecimeH TPSSh meTa-rubpuati dpyHKLMOHaNbI
KepceTTi. BaHagui KOCbINbICTAPbIHbIH, TOTbIFY-TOTbIKCbI3A4aHY pPeaKkuuanapbiH 3epTTey YLWiH
ecenTeyAiH OHTal/bl CXEMAChI YCbIHbINFaH.

Ty#iHgi ce3pep: TbiFbi3AblK GYHUMOHAN TeopuACbl; Ba3UCTIK KMHAK;
9NEKTPOATLIK NMOTEHLMUAN; TEOMETPUAHBI OHTAWNAHAbIPY.
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A systematic benchmark study was performed for the first time to investigate the
performance of density functional theory for calculation of reduction potentials of vanadium
compounds. Six density functionals of different types were selected for testing: local OLYP and
MO6L, global hybrid O3LYP and B3LYP, as well as, meta-hybrid functionals TPSSh and M06. Local
and hybrid functionals with a relatively high contribution of Hartree-Fock exchange showed
unsatisfactory results. In particular, the widely used hybrid functional B3LYP for the transformation
V">V" occurring in the vanadium redox flow battery yields a negative value of the standard
potential instead of a positive one. Among the tested functionals the smallest deviation from
the experimental data provides the meta-hybrid functional TPSSh with a 10% contribution of the
Hartree-Fock exchange. The computational protocol to calculate redox potentials of vanadium
compounds is suggested.

Keywords: density functional theory; basis set; standard electrode potential; geometry
optimization.
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1. BBepgeHue

3a nocnegHue aecatnneTui
XPaHEHUA 3SHEpPruu, OCHOBAHHblE HA MNPOTOYHbIX pPefoKCc-
akkymynatopax (MPA), npusneknn K cebe 3HAYMTENbHbLIN
uHTepec [1,2].  MpuHumn  ux  paboTbl  OCHOBAH  Ha
B3aMMOZLENCTBMM ABYX KULKMX «3aPAMKEHHbIX» IN1E€KTPO/IMTOB,
MPOroHAEMbIX Hacocamu 4Yepe3 ocobylo Avenky, rae
Npou3BOAMUTCA BbIPAabOTKA 3NEKTPUYECKOro ToKa. Kaxabii
3N1EKTPONUT HaxoauTcAa B cBoem 6ake, a Npu NPOXOKAEHUU
Yyepes AYelKy OHW pasgeneHbl mMembpaHoli-cenapaTopom,
yepes KOTOPYH MNPOXOAAT MOHbl, Kak M B 0Obl4HOM
akkymynatope. Cpeau BCeX WCCNEAOBaAHHbIX MNPOTOYHbIX
pefloKC-aKKyYMy/NATOPOB, BaHaAMeBble MNPOTOYHble pefoKC-
akkymynatopbl (BMPA), Bnepsble npeasoXKeHHble uccneno-
BaTesnbCcKoM rpynnoi M. Skyllas-Kazacos [3], 3apekomeHgoBanu
cebs ¢ nyJwen cTopoHbl, 06/1a4aA TaKUMK CBOMCTBaAMM, Kak
BbICOKAA  3/IEKTPOXMMMYECKAA  aKTMBHOCTb,  E€MKOCTb,
06pPaTUMOCTb U HU3KME IKCNIyaTaLMOHHble pacxoabl [4].

BMPA umetowmeca Ha CErogHAWHUN AeHb HA PblHKe
MCMO/Ib3YIOT 3NEKTPO/NIUTBI Ha OCHOBE CEPHOM KWUCNOTHI,
cogepsawme  pegokc-napy  V#/VE* B mpuKatogHOM
NPOCTPaHCTBE U VOZ*/VOZ+ — B NnpnaHogHOM. OKMCAUTENbHO-
BOCCTAHOBUTE/IbHblE pPeaKuuW, MnpoTeKalolwme Ha aHoae W
KaToZ,e ONMUCbIBAlOTCA, COOTBETCTBEHHO, ypaBHEHMAMKU 1 n 2.

HECKO/1bKO CUCTEMDI

VO, +2H*+e =VO*+H,0 (1); E°=1,001B

V3 +e =V* (2); E°=-0,255B

CTaHA4apTHbIN NOTEHLMan AYEKU NPU KOHLEHTpauuax
MoHoB 1 monb/a n npu Temnepatype 25°C, cnepoBaTenbHoO,
cocTtasnnet 1,256 B [5].

B BogHOM pacTBope BaHaAui BCTpeYaeTca B CTEMeHsx
oKucneHus +2, +3, +4 n +5. Camol ycToluyuBOW ABNsAeTcA
CcTeneHb OKUC/eHUA +4 B BUAE BaHaAMEBOro okco-noHa VOZ,
BaHaguit (V) Hanbonee ycToMumMs B MPUCYTCTBMM BO3AYXa,
Torga Kak BaHagui (ll) aBnAaetcA HammeHee CTabuabHbIM U
nerko Bo3gyxom [6]. ConbBaTMpOBaHHble
CTPYKTYpbI KaTuoHoB V**, V3, VO* 1 VO, 1 ux anHammnka 6binm
nccnenoBaHbl paHee pasnnyHbIMU MeTogamu. KaTuoHbl V2 u
V3* 06pasyloT B BOAE OKTas4pUUYECKMe reKCaakBaKOMIMIEKChI
[V(H,0)J** wn [V(H,0)** [7-9]. ¥ kaTvoHa VO* Takke
OKTasgpuyeckan CTPYKTypa C NATbIO MOJEKY/Namu BOAbl U
OKCO-IUFaHAOM B KOOpAMHAUMOHHOW cdepe [9-12]. B
ONTUMM3UPOBAHHON FEOMETPUM OKTadZpUYecKan CTPYKTypa
[VO(H,0),]** wncKaxkeHa OTTaNKMBaHWEM OKCO-TUTaHAOM U
aTomamu Kucnopopaa sogbl [9,11], a ocesan gavHa ceasm V-0
ONMHHee cpefHel akBaTopuanbHoi ceasmn V—0. [ns KaTUMoHa
VO," 6blav  npeasioxeHbl ABe  PasMYHble  CTPYKTYpbI
aKBakoMMieKcoB: oKTasgpudeckas [VO,(H,0),]" [9,13,14] u
6unupamupansHas [VO,(H,0),]* [9,13,15]. OaHako B pesynbTaTte
pacyeToB 6blI0O  YCTaHOB/IEHO, 4TO bGUNUpamuganbHas
CTPYKTYypa ycTonumsee oKTasgpuyeckoi [9,13,15], u noatomy
bunupamunpanbHan CTPYKTypa asaseTca Hambonee ctabunbHom
¥ [OMUHMpYIOLLen ANA rapaTnposaHHoro VO,*.

KBaHTOBO-XMMWUYECKME pacyeTbl, M B HACTHOCTH, pacyeTsbl
MeTof0B  Teopun  PyHKLMOHaNA
nAoTHOCTU [16] 3apekomeHa0Bann cebs ¢ Nyyliei CTOPOHbI B
nocnefHee Bpema ANA pacyeTa TEPMOLMHAMWUYECKUX U
KUHETUYECKUX  MapameTpoB,  WM3YYEHUA  3/EKTPOHHOro
CTPOEHUA W MEXAaHU3MOB XMMWYECKUX peakuunin. [aHHble

oKucnaetca

C MCNoNb3oBaHUEM

MeTOoAbl OAHOBPEMEHHO AB/AOTCA SKOHOMHbIMWU C TOYKM
3pPEHUA UCMONb30BAHUA MALLIMHHOMO BPEMEHM U OTHOCUTENBHO
TOYHbIMM NPU YCNOBUU NPaBUIbHOTO BbiGOpa GYHKLMOHANA U
6asncHoro Habopa. OpfHaKo 3ayacTyl MccnegosaTenu

© 2020 Al-Farabi Kazakh National University
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MCMOJIb3YIOT LUMPOKO MCNO/b3yemble ¢YHKLMOHANbI, Tuna
B3LYP, He npoBoaA npeABapuUTENbHbIX WCCAeAOBaHUMA MO
N3YYEeHUIO UX TOYHOCTU, YTO MOXKET NPUBHOCUTb 3HAYNTENbHYIO
OLINBKY B UX pe3ynbTaThl.

B HacTosAwel paboTe npoBeAeHbl TECTOBbIE pacyeThl C
uenbto BblbOpa ONTMManbHOro MeToAa  QYHKUMOHANa
NAOTHOCTU WU Habopa [ANA  aKKypaTHOro
BOCNPOU3BEAEHNA TEPMOAMHAMUYECKUX XapaKTepPUCTUK, a
CTaHAAPTHbIX 3NEKTPOAHbIX noTeHL1anos
OKUC/NIUTENbHO-BOCCTAHOBUTE/IbHLIX ~ peaKkuuii  BaHagueBbIX
coeauHeHuit. Ona pacyetoB 6blM BblbpaHbl W3BECTHble

6asucHoro
UMEHHO
peakunmn 112 npuBeaeHHbIe Bbille, a TAK¥Ke peakuuna nepexoaa
VvV V"[5]:
VO™ +2H " +e =V*+H 0 (3); E°,=0,3378
2. PacyeTHas yacTtb
Bce pacuyetbl npoBoaunucb ¢
nporpamHoro komnnekca Gaussian 09 Revision C.01 [17].

Ona  KanubpoBouyHbIXx pacyeToB 6HblAn  BblbpaHbl 6
bYHKLMOHANO0B PAa3/IMYHbIX TUMOB: IOKA/IbHbIE U TUBPUAHbIE.

MCNoNb3oBaHNEM

Cpeam noKanbHbIX 6b1aM Mcnonb3oBaHbl GGA (0606WEHHOE
lpagueHtHoe  MpubnukeHune, Generalized  Gradient
Approximation) ¢yHKunoHan OLYP [18-21] u meTa-GGA
dyHKUMOHan MO6L [22]. Wcnonb3oBanucb rubpuaHble
bYHKUMOHANbI € Pa3NIMYHbIM BKAAAOM XapTpu-POKOBCKOro
obmeHHOro B3aumogencTsua: rnobanbHO rUbpUaHbIE
dyHKUMOHanbl O3LYP (12% HF) [23], B3LYP (20% HF) [24-27],
a TaKxe meTa-rmbpugHble dyHKUMOHanbl TPSSh (10% HF)
[28, 29] n MO06 (27% HF) [30]. ONTUMMU3aLUA reoMeTpuUn
nposogunacb ¢ ucnosnb3oBaHuem ¢yHkUMOHanos MO6L u
B3LYP B co4YyeTaHUMM C [ABYXIKCMOHEHTHbIM 6a3UCHbIM
Habopom def2-SVP [31]. B ganbHenwem AaHHbIK 6a3ncHbIN
Habop byaeT ob603HauyaTbcA Kak BS1. [anbHelwune pacyeTbl
aHeprum  ana reomeTpuin  Goian
BbIMO/IHEHbl C WCNO/b30BaHMEM BbIlEYKa3aHHbIX LWecTH
bYHKUMOHAN0B B COYETAaHMU C  TPEXIKCMOHEHTHbIMMU
6a3ncHbIMM Habopamu def2-TZVP [31] n pacwmnpeHHoro aug-
cc-pVTZ  [32-34], AanbHelwem  byayT
ob03HayaTbcA Kak BS2 m BS3, cooTtseTcTBeHHO. Mpupoaa

ONTUMU3NPOBAHHDIX

KOTOopble B

CTaUMOHapPHbIX TOYeK bblna NoATBEpPKAEHA aHAIMTUYECKUM
pacyeToM KosiebaTesIbHbIX YacTOT B paMKaxX rapMOHUYeCKoro
npubAnNKeHus.

MoHbl V2, V3 1 VO? paccumTbiBasMCb KaK CUCTEMBI C
OTKPbITOM 060/104KON, B TO Bpema Kak VO, aBnAeTca cuctemoii
C3aKpbIToi 060n04KON. Kpome Toro, V2 V3* paccmaTtpusanmnch
KaK BbICOKOCMMHOBbIE CUCTEMBI, TaK KaK HW3KOCNWHOBblE
KOH$UrypaLumm 3HaYUTENbHO MEeHee YCTONUYUBDI.

YyeT conbBaTaLMm NPOBOAN/ICA UCNONb30BAaHNMEM OLHOTO
M3 BapMaHTOB MOAENN NONAPU3YEMOrO KOHTUHYYMa, Solvation
Model Density (SMD) [35], c yAay4yweHHoOM
napameTpusauuen ana BOCMNpOU3BeAEeHUA 3Heprun
conbBaTaumu. B paboTe mcnosnb3oBasacb AMINEKTPUYECKan

based on

noctoAaHHan € = 78.3553 anA Boabl B KaYecTBe pacTBOpUTENA.

CTaHAapTHble pefoKc-NOTEHLMANbl PACCYUTLIBANUCL C
MCMO/b30BaHMEM TEPMOXMMMUYECKOro LuKna BbopHa-Xabepa
no popmyne:

_ AG(AIB)

—— ~ Eabs(SHE), (4

Erel,SHE (Al B) =

rae F — noctoaHHaa Papagen, n — KOMYECTBO MoJien
3/1IeKTPOHOB Ha MO/Ib NMPOAYKTOB, Eam:(SHE) — CTaHAapTHbIN
BOAOPOAHBIN MOTEHUManA, ANA KOTOPOro B AaHHOW paboTe
6b110 NPUHATO 3HaYeHue 4,422 B [36], 1, HaKoHeL, ArG: (A|B) -
sHeprua Mb66ca peakuuu B pacTBope, KOTopas CBfA3aHa Co

o

CTaHAApPTHOW 3Heprveint mbb6ca peakuum B rasosoi ¢ase
ArG°g(A|B) 3Heprmamm conbBaTauMmn NPOAYyKTOB B 1 ncxoaHbix
BewecTs A BblparkeHeM:

8GI(AIB) = A,G3(AIB) + ) AGL,(B) — ) MGy (AD) (5)
i i

Heprua MMb66ca peakumm B ra3oBoii dpase B CBOIO ovepeb
paccunTbiBaeTCA COrNacHo 3aKoHy lecca:

AGy(AIB) = > AGy(BY) — ) AGH(A) — Gy(e™). (6)

roe G°g(e') =0,003B.

[nA  XapaKTepucTMKM  TOYHOCTU  WMCMOb3YEMOro
byHKUMOHaNa  NAOTHOCTM  PaccyMTbIBaNOCb  CpegHee
abcontoTHoe oTKAoHeHue (A) no dopmyne:

A=|E. —-E_ |/3 7

IKen. Teop.

3. Pe3ynbTaThbl U 06CyKAEHUE

PaHee 6bln10 ycTaHoBAEHO [6-15], 4TO rMAPATUPOBAHHDIN
BaHaAMIN B YeTbipex CTEMNEHAX OKUC/EHUA HAaXO4MUTCA B BUAE
aKBAKOMIM/IEKCOB, ONTUMU3MPOBAHHbIE FEOMETPUMU KOTOPbIX
npuBeseHbl Ha pucyHke. [nA BaHagua B BbICLIEN CTeneHu
BbibpaHa  Haubonee  ycTolhumBas
6unupamuanbHas CTPYKTypa. YpaBHeHua peakuuit 1-3 gns
TMAPATUPOBAHHBIX  bopm MOXHO  3anucaTb
cnepytowmm obpasom:

OKUCNneHna 6bina

BaHaguA

o

1

[VO,(H,0),]*"(H,0)+ 2H* + & = [VO(H,0).]* (8); E
[V(H,0).J** + e = [V(H,0),]* (9);E,
[VO(H,0).J* + 2H* + e = [V(H,0).]"* + H,0 (10); E,

MCXOAHbIe AadHHble, U3 KOTOPbIX pPacCcynTbiBa/IMCb MO

BbllWenpMBeAeHHbIM YpaBHEHUAM dHeprun Mmb6ca peakuymin B
pacTBope, npuBeaeHbl B Tabavuax 1 v 2.

BecTHuMK KasHY. Cepua xummyeckasa. — 2020. — Nel
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Tabnuua 1-3n1eKTpoHHble 3Hepruu, sHeprum M’Mb6ca B razosoii Gpase n conbBaTaumu, aTakxKe sHeprusa MMb6ca B Boge, paccumTaHHan

no umnkny bopHa-Xabepa 414 reomMeTpuit ONTUMMU3MPOBaHHbIX MeTogom MO6L/BS1

E(BS1), E(BS2), AG (BS2), AG, (BS1), AG’(BS2),

a.e* a.e. a.e. KKan/monb KKan/monb

[V(H,0)]* -1401,6415 -1402,2759 -1402,1596 -198,0 -880067,1
[V(HZO)G]S* -1401,0652 -1401,7027 -1401,5863 -454,6 -879964,1
[VO(HZO)S]Z* -1400,4120 -1401,0493 -1400,9557 -218,5 -879332,2
[VO,(H,0),]*(H,0) -1399,5725 -1400,2135 -1400,1400 -86,4 -878688,3

MprmeyaHue: a.e. —aTOMHble e AUHULbI

Tabnuua2—neKTpoHHble aHeprun, sHeprusa MMb66ca B rasosoii hase v conbBaTaLuu, a Takxke sHeprusa MMb6ca B Boae, paccumTaHHan

no umMkay bopHa-Xabepa 414 reomeTpuin ONTUMMU3NMPOBAHHbBIX MeTogoM B3LYP/BS1

E(BS1), E(BS2), AG',(BS2), AG', (BS1), AG,(BS2),

a.e. a.e. a.e. KKan/monb KKan/monb

[V(H,0) > -1401,7312 -1402,4146 -1402,3066 -197,4 -880158,9

[V(Hzo)s]3+ -1401,1596 -1401,8375 -1401,7249 -454,4 -880050,8

[VO(HZO)S]Z* -1400,4918 -1401,1695 -1401,0786 -218,5 -879409,3

[VO,(H,0),]*(H,0) -1399,6394 -1400,3206 -1400,2500 -86,4 -878757,3
KaK BMAHO U3 AaHHbIX Tabauy 1 u 2, BAMAHWE NpMpoabl ONTMMM3MPOBAHHbIX MeTogamu MO6L/BS1 u B3LYP/BS1

byHKLMOHaNa NAOTHOCTM Ha 3Hepruto MM66ca conbBaTauuu,
AG

solv’

cnenoBasio 0XMaatb, 3aKOHOMEPHO y6bIBaeT C 3apagom

MWUHUMANbHO. 3Heprm| mb6bca CO/NlbBaTaunKn, Kak U

AdKBaKaTMOHa.

[V(H20)6]** [V(H20)6]>*

[VO(H20)s]*

[VO2(H20)3]*(H20)

PucyHok 1 — ONTMMMU3NpPOBAHHbIE reomeTpumn
aksakomnnekcos [V(H,0) J*, [V(H,0) J**, [VO(H,0),]** n
[VO,(H,0),]*:(H,0) paccuntaHHbie meTogom MO6L/def2-SVP

3HaYeHMs CTaHAAPTHbLIX 3NEKTPOAHbIX MOTEHLMaNoB
peakunit (8)—(10), paccunmTaHHble pasHbIMKU GYHKLMOHANAMK B
coyeTaHun c 6HasmcHbim Habopom BS2 pgna reometpuit

ISSN 1563-0331
elSSN 2312-7554

npeactasneHbl B Tabanuax 3 n 4, cooTBeTCTBEHHO. Kak BUAHO
M3 3TUX OaHHbIX, NOKanbHble GyHKUMoHanbl, OLYP n MO6L,
3aHMXKalOT CTaHAapTHble noTeHumanbl £, 1 E. MNpuuem OLYP
3aHMKaeT MoTeHUManbl HacTONbKo, 4TOo E, cTaHOBMUTCA
oTpuuaTenbHbiM. Kak cneacTsBue, AaHHbIM MeTon Ccamblid
HETOYHbIN, TaK KaK y HEro camoe BbICOKOE MaKCMMasbHOe U
cpepgHee abcontoTHoe OTK/MOHeHWe, A - 1 A ,COOTBETCTBEHHO.
dyHKUMOHaN MO6L 3HaUMTENIbHO TOYHEE, Amax M A noytun B 2
pasa meHbwe, 4em y OLYP, HO BCe ewe pgaer
HeyaoBAeTBOpUTENbHbIE pe3ynbTaTbl. C APYron CTOPOHbI,
rmbpuaHble ¢GyHKUMOHANbI rOpasao TOYHEe JIOKa/bHbIX B
npeAcKasaHuK CTaHAaPTHbIX NOTeHLManos E, M E’,. BuacTHocTy,
B3LYP paeT Haubonee 65M3KOe K 3IKCNEPUMEHTANIbHOMY
3HadeHne E), (0,948B), a M0O6 — K 3KCMepMMEHTaNbHOMY
sHadeHmto E, (0,345B). Mpu 3TOM OHM cCUCTEMATMYECKM
3aBbllIAIOT 3HaYeHWA CTaHAapTHOro noTeHumana E,, 4TO
npuBoAMT K TOMY, YTO €ro 3HayeHuUA CTaHOBATCA
NONOXUTENbHbIMU. B pe3ynbTate, HECMOTPA Ha TO, YTO cpeHee
abcontoTHoe oOTKAOHeHWe A y dyHKuMoHana B3LYP umeet
[0BOMIbHO HU3KMe 3HadyeHua (0,180 m 0,242), makcumanbHoe
abCcoNOTHOE OTK/IOHEeHMe Amax npu atom gocturaet 0,518 B.
Takum o0bpasom, /NioKanbHble U TMbpuaHble GyHKUMOHANbI C
OTHOCUTE/NIbHO  BbICOKMM  BK/IAZoM  XapTpu-GOKOBCKOTO
obmeHHoro B3ammogeinctema (20% u 6onee) nokasbiBatoT
HeyA,0BNeTBOPUTE/IbHbIE PE3Y/bTaThbl.

«30/10TOM cepeanHo» BbicTynaeT ¢pyHKuMoHan TPSSh ¢
10%-Hbim BK1a40M XapTpu-pOKOBCKOro obmeHHOro
B3aumogencTama. OH XOTA U MeHee TOYEH B BOCNPOU3BEAEHUM
CTaHAapTHbIX MoTeHumManoe E, u E,, HO 3aTO NpaBW/bHO
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Tabnuua 3 — 3HayeHMA CTaHAAPTHbIX NOTEHLMANoB peakymii (8)-(10), paccumTaHHble PasHbIMM METOLAMM U UX MAKCUMabHOE U

CpeAHeea6COﬂDTHOEOTKﬂOHeHMﬂAm“M ZOT3KCHepMMeHTaﬂbHHX3HaHeHMﬁ.OHTMMMSBMMHFEOMETpMﬁHpOBOAMﬂaCbMETOAOM

MO06L/BS1

MeTop, %HF E,B £, B £, B A .B A,B
OLYP/BS2 0 0,175 -0,168 -0,301 0,826 0,517
MO6L/BS2 0 0,554 -0,058 0,135 0,447 0,282
TPSSh/BS2 10 0,725 -0,258 0,285 0,276 0,110
03LYP/BS2 12 0,694 0,099 0,167 0,354 0,277
B3LYP/BS2 20 0,948 0,079 0,489 0,334 0,180
MO06/BS2 27 0,870 0,144 0,483 0,399 0,225
TPSSh/BS3 10 0,743 -0,292 0,359 0,258 0,106
SKcn. - 1,001 -0,255 0,337 - -

Tabauua 4 — 3HayeHnn CTaHAAPTHbIX NOTEHWUManoB peakunit (8)-(10), paccumMTaHHble pasHbIMM METOAAMM U UX MaKCMMasibHOe U
cpeaHee abcoOTHOR OTKNOHEHMAA W A OT3KCMEPUMeHTa IbHbIX 3HaueHNii. ONTUMMU3aLMA reoMeTpuid NPOBOAMAACL METOAO0M

B3LYP/BS1

MeTog %HF E,B E, B E, B a,.,B A.B
OLYP/BS2 0 0,106 0,044 -0,360 0,895 0,630
MO6L/BS2 0 0,585 0,182 0,032 0,437 0,386
TPSSh/BS2 10 0,703 -0,091 0,256 0,298 0,181
03LYP/BS2 12 0,620 0,301 0,106 0,556 0,389
B3LYP/BS2 20 0,904 0,263 0,448 0,518 0,242
MO06/BS2 27 0,866 0,419 0,345 0,674 0,272
TPSSh/BS3 10 0,721 -0,125 0,331 0,280 0,139
Jken. - 1,001 -0,255 0,337 - -

BOCMNPOM3BOANT 3HaK NOTeHUnana E,  AaeT 3HadeHnsa 6amskune
K aKcnepumeHTanbHbiMm (-0,258 m -0,091 B). B pesynbrate, y
dyHKumMoHana TPSSh camoe HM3KOe OTK/NOHEHWe OT
9KCNepMMEHTaNbHbIX AaHHbIX cpegm TecTupyembix
bYHKLMOHaNnoB. MHTepecHo 0TMeTUTb, 4To dyHKLMOoHan O3LYP
CO CXOXMM BKNAaAOM  XapTpu-POKOBCKOrO 0OBMEHHOro
B3aumogencteuma (12%) 3HaumTesibHO MeHee ToyeH. CpefHee
abcontoTHoe oTkNoHeHWe Ay O3LYP paxe 6onbwe, yem vy
NoKanbHOro ¢yHKuMoHana MO6L. 3ToT ¢aKT, a Takxke
HeyZoBAETBOPUTENbHbIE pe3ynbTaTbl  ¢yHKUMOHana OLYP,
YyKa3blBalOT Ha TO, 4YTO 0OMeHHbI ¢yHKumMoHan OPTX B
COYETaHUM C  KOPPEeNAUMOHHbIM  dyHKUMOHanom  LYP
manonpurogeH ana pacyeTa
BOCCTAHOBUTE/IbHbIX PeaKLUMii coeANHEHN BaHaANA.

[anee ctaHAapTHble NOTeHUManbl 6bIAM paccymTaHbl €
ncnosb3oBaHvem QyHKUMOHana TPSSh u  pacwupeHHoro
6asuncHoro Habopa BS3. Kak BuaHo 13 Tabauu, 3 1 4, 6asncHbIn
Habop BS3 nossonAeT Nonyuntb 6oaee HU3KNE 3HaYeHuUA Am
M A, T.e. bonee ToUYHble pe3ynbTaTbl, N0 CpaBHEHMUIO ¢ BS2.

CpaBHeHMe 3HayeHun A B Tabnuuax 3 u 4, nossonser
3aK/04UTb, 4TO M3 AByX meTtogos MO6L/BS1 u B3LYP/BS1
npeanoyYTUTENbHBIM ANA ONTUMU3ALUN TeOMEeTPUN ABAAETCA

OKUCNINTENbHO-

ax

6onee skoHOMHbIN MO6L/BS1, Tak Kak oH obecneunsaeT bonee
BbICOKYIO TOYHOCTb pacyeTa.

Takum 0b6pasom, B pesysibTaTe TECTOBbIX pacyeToB ANf
NCCNeAoBaHUA OKUC/AUTENbHO-BOCCTAHOBUTENbHBIX pPeakLuui
BaHaAMeBbIX coeAMHeHW 6blna npepnoxkeHa cheayowasn
cXema pacyeTta: ONnTMMMU3aLUA TeOMeTPUMN C UCMONb30BaHMEM
meTa-GGA ¢dyHKumnoHana MO6L n 6asncHoro Habopa def2-SVP;
nocneayowmit pacuet SHeprum MeTa-rMbpuaHbIM
dyHKUMOHanom TPSSh B coueTaHnu ¢ paclumpeHHbIM 6a3nUCHbIM
Habopom aug-cc-pVTZ.

4. 3akntouyeHue

B HacToAwen
cucTemaTUyeckoe

paboTe Bnepsble
uccnenoBaHue no
ONTUMaNbHOro MmeToaa GyHKUMOHANA NAOTHOCTU ANA pacyeTa
CTaHAAPTHbIX 3NEKTPOAHbIX NnoTeHLManos 3NeKTpo-
XMMMWYECKOro BOCCTAHOB/IEHUS BaHaLMEBbIX COeAWMHEHUN B
yeTblpex CTeneHAX OKuc/eHusa. [na TecTupoBaHuA 6blan
Bbl6paHbl WecTb PYHKLMOHANOB NNOTHOCTM PAa3IMYHOIO TUNA:
nokanbHble OLYP n MO6L, rubpuaHbie O3LYP 1 B3LYP, a TakKe
meTa-rbpugHble ¢yHKumoHansl TPSSh m MO6. B xopge

nposegeHo
BbIABAEHUIO
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nccnefoBaHUA BbIACHWIOCH, YTO A1 ONTUMU3ALUN FEOMETPUM
npeAnoyYTUTENbHbIM 6onee
3KOHOMHOro metoga MO6L/def2-SVP, koTopbii gaet 6onee
TOYHble pe3ynbTaTbl MO CcpaBHeHWtio C  B3LYP/def2-SVP.
YCTaHOBNEHO, YTO /IOKaNbHble U rMbpuaHble GYHKLMOHANbI C
BbICOKMM  BK/IaAOM  XapTpu-GOKOBCKOro
obmeHHoro B3aummogencteua (20% wu 6onee)
Heya0BNeTBOPUTE/NbHbIE pe3ynbTaTbl. B 4acTHOCTM, LUMPOKO
ncnosblyemblit  rmbpuaHbiii  dyHKumoHan B3LYP ¢ opHol
CTOPOHbI A0BO/ILHO TOYEH B MPEeACKasblBAHWUM CTAHAAPTHbIX
noteHunanos E, u E, T.e. nepexogos VY>> VV u V¥V V',
COOTBETCTBEHHO. B TO Ke Bpemsa ANA OAHOW M3 NoNypeakuuit
npoTekatowmx B BMIPA, a umeHHo ana npespaweHmnsa V"> V' oH
BMECTO OTPUL,ATEIbHOTO 3HAaYEHUA CTaHAAPTHOrO NoTeHLMana
E, Mnaer CpefM UCMONb30BaHHbIX B

TeCcTnpoBaHun d)yHKLI,MOHaI'IOB HanmeHbllee OTK/I0OHeHue OT
3KCNepuUMeHTaIbHbIX AaHHbIX Aaet MeTa-FM6pM,ﬂ,HbIl7I

ABNAeTCA ncnonbsoBaHue

OTHOCUTE/NIbHO
NnoKasanam

NONOXUTENbHOE.

CnUCoK nuTepaTtypbl

dyHKLMOoHan TPSSh ¢ 10%-Hbim BKaA0M XapTpu-PpOKOBCKOro
obMeHHOro B3aMmogaeincTeua. MoKasaHo, YTO B COYETAHUU C
pacwmpeHHbiM 6asucHbIM Habopom aug-cc-pVTZ TOYHOCTb
meToAa nosbiwaeTtca. [lpeanoeHa ONTUManbHaA cxema

pac4yeTa Aana nccnenoBaHMA OKUCNUTENbHO-

BOCCTAHOBUTE/IbHbIX peaKu,Mﬁ BaHagMneBbIX COQ,CI‘MHEHVII‘;L

BbnarogapHocTtu

PaboTa BbinosHeHa Npy GUHAHCOBOM NOAAEPKKE rpaHTa
MuHUcTepcTBa 06pa3oBaHUA U Haykn Pecnybamnku KasaxctaH
(MpoekT NeAP05130375). [Ana  nposeaeHun
XMMWYECKMX pacyeToB WCMONb30BANCA  BblYUCANTENbHBIN
Knactep «HauunoHanbHoOM Hay4YHoOWM nabopatopuu
KONNEKTUBHOTO nosb30BaHMA MHPOPMALMOHHbIX n
Kocmuyeckux texHonorui» npu KasHUTY um. K.U. Catnaesa.

KBaHTOBO-

1 Alotto P., Guarnieri M., Moro F. Redox flow batteries for the storage of renewable energy: a review // Renewable & Sustainable

Energy Reviews. —2014. — Vol.29. — P.325-335.

2 Noack J., Roznyatovskaya N., Herr T., Fischer P. The chemistry of redox-flow batteries // Angewandte Chemie International

Edition. —2015. — Vol.54, Is.34. — P.9776-9809.

3 Skyllas-Kazacos M., Rychcik M., Robins R.G., Fane A., Gree M. New all-vanadium redox flow cell // Journal of the Electrochemical

Society. — 1986. — Vol.133. — P.1057-1058.

4 Zhao P., Zhang H., Zhou H., Chen J,, Gao S., Yi B. Characteristics and performance of 10kW class all-vanadium redox-flow
battery stack // Journal of Power Sources. — 2006. — Vol.162. — P.1416-1420.

5 Bard A.J., Parsons B., Jordon J., eds. Standard potentials in aqueous solutions. — Dekker: New York, 1985.

6 Kazacos M. Electrolyte optimization and electrode material evaluation for the vanadium redox battery: MSc Thesis, University

of New South Wales (Australia), 1989.

7 Akesson R., Pettersson L. G. M., Sandstrom M., Wahlgren U. Ligand-field effects in the hydrated divalent and trivalent metal-
ions of the first and 2nd transition periods // Journal of the American Chemical Society. — 1994. —Vol.116. — P.8691-8704.

8 Benmelouka M., Messaoudi S., Furet E., Gautier R., Le Fur E., Pivan J.-Y. Density functional investigation of hydrated V(II) and
V(Il) ions: influence of the second coordination sphere; water exchange mechanism // Journal of Physical Chemistry A. — 2003. —

Vol.107. — P.4122-4129.

9 Sepehr F., Paddison S.J. The solvation structure and thermodynamics of aqueous vanadium cations // Chemical Physics Letters.

—2013.-Vol.585. - P.53-58.

10 LarsenS.C. DFT calculations of proton hyperfine coupling constants for [VO(H20)5]2+: comparison with proton ENDOR data //

Journal of Physical Chemistry A. —2001. — Vol.105. — P.8333-8338.

11  Grant C.V, Cope W., Ball J.A., Maresch G.G., Gaffney B.J., Fink W. Electronic structure of the aqueous vanadyl ion probed by 9
and 94 GHz EPR and pulsed ENDOR spectroscopies and density functional theory calculations // Journal of Physical Chemistry B. —

1999. - Vol.103. - P.10627-10631.

12 Vijayakumar M., Burton S.D., Huang C., LiL., Yang Z., Graff G.L. Nuclear magnetic resonance studies on vanadium(IV) electrolyte
solutions for vanadium redox flow battery // Journal of Power Sources. — 2010. — Vol.195. — P.7709-7717.
13 Buhl M., Parrinello M. Medium effects on 51v NMR chemical shifts: a density functional study // Chemistry—A European

Journal. —2001. - Vol.7. — P.4487-4494.

14  Krakowiak J., Lundberg D., Persson |. A coordination chemistry study of hydrated and solvated cationic vanadium ions in
oxidation states + Ill, +IV, and +V in solution and solid state // Inorganic Chemistry. — 2012. — Vol.51. — P.9598-9609.

15 Vijayakumar M., Li L., Graff G., Liu J., Zhang H., Yang Z. Towards understanding the poor thermal stability of V5+ electrolyte
solution in Vanadium Redox Flow Batteries // Journal of Power Sources. —2011. — Vol.196. — P.3669-3672.

16 Parr R.G., Yang W. Density functional theory of atoms and molecules. — New York: Oxford University Press, 1989.

17  Frisch M.J., Trucks G.W., Schlegel H.B., Scuseria G.E., Robb M.A., et al. Gaussian 09 (Gaussian, Inc., Wallingford CT, 2009).

18 Handy N.C., Cohen A.J. Left-right correlation energy // Molecular Physics. — 2001. — Vol.99. — P.403-412.

ISSN 1563-0331
elSSN 2312-7554

Chemical Bulletin of Kazakh National University 2020, Issue 1



20 PacueT cTaHAapPTHbLIX 3N1EKTPOAHbIX MOTEHLMAN0B 3/IEKTPOXMMNYECKOTO...

19 Hoe W.-M., Cohen A., Handy N. C. Assessment of a new local exchange functional OPTX // Chemical Physics Letters. — 2001.
—Vol.341. - P.319-328.

20 Lee C., Yang W., Parr R.G. Development of the Colle-Salvetti correlation-energy formula into a functional of the electron
density // Physical review B. — 1998. — Vol.37. — P.785-789.

21  Miehlich B., Savin A., Stoll H., Preuss H. Results obtained with the correlation-energy density functionals of Becke and Lee,
Yang and Parr // Chemical Physics Letters. — 1989. — Vol.157. — P.200-206.

22 ZhaoY., Truhlar D.G. Anew local density functional for main-group thermochemistry, transition metal bonding, thermochemical
kinetics, and noncovalent interactions // Journal of Chemical Physics. — 2006. — Vol.125. — P.1-18.

23 Cohen A.J., Handy N.C. Dynamic correlation // Molecular Physics. — 2001. — Vol.99. — P.607-615.

24  Slater J.C. Quantum theory of molecules and solids. Vol. 4: The self-consistent field for molecules and solids. — New York:
McGraw-Hill, 1974.

25 Vosko S.H., Wilk L., Nusair M. Accurate spin-dependent electron liquid correlation energies for local spin density calculations:
a critical analysis // Canadian Journal of Physics. - 1980. — Vol.58. — P.1200-1211.

26 Becke A.D. Density-functional exchange-energy approximation with correct asymptotic behavior // Physical Review A. — 1988.
—Vol.38. - P.3098.

27 Becke A.D. Density-functional thermochemistry. Ill. The role of exact exchange // Journal of Chemical Physics. — 1993. —
Vol.98. — P.5648.

28 Tao J.M., Perdew J.P., Staroverov V.N., Scuseria G.E. Climbing the density functional ladder: Nonempirical meta-generalized
gradient approximation designed for molecules and solids // Physical Review Letters. — 2003. — Vol.91. — P.146401.

29 Staroverov V.N., Scuseria G.E., Tao J., Perdew J.P. // Comparative assessment of a new nonempirical density functional:
Molecules and hydrogen-bonded complexes // Journal of Chemical Physics. — 2003. — Vol.119. — P.12129.

30 Zhao Y., Truhlar D.G. The M06 suite of density functionals for main group thermochemistry, thermochemical kinetics,
noncovalent interactions, excited states, and transition elements: two new functionals and systematic testing of four M06-class
functionals and 12 other functional // Theoretical Chemistry Accounts. — 2008. — Vol.120. — P.215-241.

31 Weigend F., Ahlrichs R. Balanced basis sets of split valence, triple zeta valence and quadruple zeta valence quality for H to Rn:
Design and assessment of accuracy // Physical Chemistry Chemical Physics. — 2005. — Vol.7. — P.3297-3305.

32  Dunning T.H.Jr. Gaussian basis sets for use in correlated molecular calculations. I. The atoms boron through neon and hydrogen
// Journal of Chemical Physics. — 1989. — Vol.90. — P. 1007.

33 Woon D.E., Dunning T.H. Jr. Gaussian basis sets for use in correlated molecular calculations. lll. The atoms aluminum through
argon // Journal of Chemical Physics. — 1993. — Vol.98. — P.1358.

34 Balabanov N.B., Peterson K.A. Systematically convergent basis sets for transition metals. I. All-electron correlation consistent
basis sets for the 3d elements Sc—Zn // Journal of Chemical Physics. — 2005. -Vol,123. — P.064107.

35 Marenich A.V., Cramer C.J., Truhlar D.G. Universal solvation model based on solute electron density and a continuum model of
the solvent defined by the bulk dielectric constant and atomic surface tensions // Journal of Physical Chemistry B. —2009. — Vol.113.
—P.6378-6396.

36 Fawcett W.R. The ionic work function and its role in estimating absolute electrode potentials // Langmuir. — 2008. — Vol.24,
1s.17. — P.9868-9875.

References

1 Alotto P, Guarnieri M, Moro F (2014) Renew Sust Energ Rev 29:325-335. https://doi.org/10.1016/j.rser.2013.08.001

2 Noack J, Roznyatovskaya N, Herr T, Fischer P (2015) Angewandte Chemie International Edition 54(34):9776-9809. https://doi.
org/10.1002/anie.201410823

3 Skyllas-Kazacos M, Rychcik M, Robins RG, Fane A, Green M (1986) J Electrochem Soc 133:1057-1058. https.//doi.
0rg/10.1149/1.2108706

4 Zhao P, Zhang H, Zhou H, Chen J, Gao S, Yi B (2006) J Power Sources 162:1416-1420. https://doi.org/10.1016/j.
jpowsour.2006.08.016

5 Bard AJ, Parsons B, Jordon J (1985) Standard potentials in aqueous solutions. Dekker, New York, USA.

6 Kazacos M (1989) Electrolyte optimization and electrode material evaluation for the vanadium redox battery. MSc Thesis,
University of New South Wales, Australia.

7 Akesson R, Pettersson LGM, Sandstrom M, Wahlgren U (1994) J Am Chem Soc 116:8691-8704. https://doi.org/10.1021/
ja00098a032

8 Benmelouka M, Messaoudi S, Furet E, Gautier R, Le Fur E, Pivan JY (2003) J Phys Chem A 107:4122-4129. https.//doi.org/10.1021/
jp026697n

9 Sepehr F, Paddison SJ (2013) Chem Phys Lett 585:53-58. https://doi.org/10.1016/j.cplett.2013.08.089

BecTHuMK KasHY. Cepua xummyeckasa. — 2020. — Nel



C.H. Tycynbaes v ap. 21

10 Larsen SC(2001) J Phys Chem A 105:8333-8338. https.//doi.org/10.1021/jp0116003

11 Grant CV, Cope W, Ball JA, Maresch GG, Gaffney BJ, Fink W (1999) J Phys Chem B 103:10627-10631. https://doi.org/10.1021/
jp992186y

12 Vijayakumar M, Burton SD, Huang C, Li L, Yang Z, Graff GL (2010) J Power Sources 195:7709-7717. https://doi.org/10.1016/j.
Jjpowsour.2010.05.008

13 Buhl M, Parrinello M (2001) Chem-Eur J 7:4487-4494. https.//doi.org/10.1002/1521-3765(20011015)7:20%3C4487::AlD-
CHEMA4487%3E3.0.CO;2-G

14  Krakowiak J, Lundberg D, Persson | (2012) Inorg Chem 51:9598-9609. https.//doi.org/10.1021/ic300202f

15 Vijayakumar M, Li L, Graff G, Liu J, Zhang H, Yang Z (2011) J Power Sources 196:3669-3672. https://doi.org/10.1016/j.
Jjpowsour.2010.11.126

16 Parr RG, Yang W (1989) Density functional theory of atoms and molecules. Oxford University Press, New York, USA.

17  Frisch MJ, Trucks GW, Schlegel HB, Scuseria GE, Robb MA, Cheeseman JR et al. (2009) Gaussian 09 (Gaussian, Inc., Wallingford
cT).

18 Handy NC, Cohen AJ (2001) Mol Phys 99:403-412. https://doi.org/10.1080/00268970010018431

19 Hoe WM, Cohen A, Handy NC (2001) Phys Lett 341:319-328. https://doi.org/10.1016/S0009-2614(01)00581-4

20 LeeC, Yang W, Parr RG (1998) Phys Rev B 37:785-789. https.//doi.org/10.1103/PhysRevB.37.785

21 Miehlich B, Savin A, Stoll H, Preuss H (1989) Chem Phys Lett 157:200-206. https://doi.org/10.1016/0009-2614(89)87234-3

22 Zhao, Truhlar DG (2006) J Chem Phys 125:1-18. https.//doi.org/10.1063/1.2370993

23 Cohen AJ, Handy NC (2001) Mol Phys 99:607-615. https.//doi.org/10.1080/00268970010023435

24 Slater JC (1974) Quantum Theory of Molecules and Solids Vol. 4: The Self-Consistent Field for Molecules and Solids. McGraw-
Hill, New York, USA.

25  Vosko SH, WIlk L, Nusair M (1980) Can J Phys 58:1200-1211. https.//doi.org/10.1139/p80-159

26 Becke AD (1998) Phys Rev A 38:3098. https://doi.org/10.1103/PhysRevA.38.3098

27 Becke AD (1993) J Chem Phys 98:5648. https://doi.org/10.1063/1.464913

28 TaoJM, Perdew JP, Staroverov VN, Scuseria GE (2003) Phys Rev Lett 91:146401. https://doi.org/10.1103/PhysRevLett.91.146401
29 Staroverov VN, Scuseria GE, Tao J, Perdew JP (2003) J Chem Phys 119:12129. https://doi.org/10.1063/1.1626543

30 Zhao, Truhlar DG (2008) Theor Chem 120:215-241. https://doi.org/10.1007/s00214-007-0310-x

31 Weigend F, Ahlrichs R (2005) Phys Chem Chem Phys 7:3297-3305. https.//doi.org/10.1039/b508541a

32 Dunning THJr (1989) J Chem Phys 90:1007. https://doi.org/10.1063/1.456153

33 Woon DE, Dunning THJr (1993) J Chem Phys 98:1358. https://doi.org/10.1063/1.464303

34 Balabanov NB, Peterson KA (2005) J Chem Phys 123:064107. https://doi.org/10.1063/1.1998907

35 Marenich AV, Cramer CJ, Truhlar DG (2009) J Phys Chem B 113:6378-6396. https.//doi.org/10.1021/jp810292n

36 Fawcett WR (2008) Langmuir 24:9868-9875. https://doi.org/10.1021/1a7038976

ISSN 1563-0331 Chemical Bulletin of Kazakh National University 2020, Issue 1
elSSN 2312-7554



3aKOHOMEPHOCTU U3MEHEHUA
HeTPaAULMUOHHbIX
TEpMOAMHAMMNYECKUX
oyHKUMM A G°/nwm A, G° pna
MuHepanos ko6anbTa

X.K. OcnaHos'?, K.M. Cmaunnos'?,
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1«Hay4YHO-TEeXHONOTMYECKUIA NapK»
KasaxcKoro HalMoHanbHOro yHuBepcuteTa
nmeHun anb-dPapabu, Anmatbl, KazaxctaH
2KasaxcKuii HaLMOHaNbHbIN yHUBEpPCUTET
nmeHu anb-®apabu, Anmatebl, KasaxctaH
‘E-mail: eldar_nuruly@mail.ru

B HacToAwWwel cTaTbe paccMOTpeH OO6LWMIA MPUHLUMN NPOTHO3MPOBAHUA Pa3AnNuUA
peakLUMOoHHON CNOCOBHOCTU MUHEpPanoB WM PacTBOpPUTENEl B YCIOBUAX UX B3aMmogenctsua
Ha rpaHuue pasgena ¢das TBEpAOe TENO-XKMAKOCTb ANA MUHepasnos KobanbTa B yCA0BUAX
nepepaboTKM MWUHEPANbHOrO CbipbA. W3N0KEeHbl MpeACTaBleHUs O HOBbIX CBOMCTBAX
XMMUYECKOro CPOACTBA, KOTOPbIE MNO3BOIUAN OCYLLECTBUTL NPOrHO3 BbiGopa 3dpdeKTUBHOCTH
LeiCcTBUA  pacTBOPAIOWEro peareHTa AR BCKPbITUA TPYAHOPACTBOPMMbIX MUHEpPasos
KobanbTa U NPOTrHO3 MOC/NEAO0BATENbHOTO MNPOXOXKAEHUA KOHKYPUPYIOLWMX  pearuuu
npoTeKalowWwmnx Ha rpaHuue ¢as TBepAoe TeNo-*KMAKOCTb Npu nepepaboTke MUHepanbHoro
CblpbA TUAPOXMMMYECKMM METOAOM Ha YpOBHE 3/1eKTPoHa. YCTaHOB/JEeHa Heu3BecTHas
paHee 3aKOHOMEPHOCTb M3MEHEHUA 3PHEKTUBHOCTU AEelCTBUA PACTBOPAIOLWMX pPeareHToB U
nocneA0BaTeNbHOCTb NPOXOXKAEHUA KOHKYPUPYIOLWMX PeaKLmu, 3aKao4atowasncs B TOM, 4T
3G PEKTUBHOCTL AEWCTBUSA PACTBOPAIOLLErO peareHTa W Moc/iefoBaTeNbHOCTb MPOXOKAEHUA
nocieAyoLWmMX peakLMm 3aKOHOMEPHO MEHAETCA B 3aBUCMMOCTU OT PACCUMTAHHOTO 3HAYEHUA
npMBeAEHHOrO HOBOMO  XMMM4eckoro cpoactsa (A G’/n). [MpaKTU4eckM npeanoxeHo
MCMNO/Ib30BaHWe cpefHeil aTOMHON 3Hepruu 06pa3osava TBEpAbIX BewecTs (A, G°) u
PaccuUMTaHHOTO 3HaYeHMA NPUBEAEHHOTO HOBOTO XMMMYeCKoro cpoacTsa (A G°/n) ans cosp,aHMﬂ
Hay4HbIX OCHOB BCKPbITUA MUHEPANOB KOBANbTA, COAEPIKALLErOCA B MUHEPAbHOM CbIpbe C
HavMeHbLW MMM 3aTpaTamu BPEMEHMU.

KnioueBble c/ioBa: cpefHAs aTomHas 3Heprua o6pa3oBaHMA TBEPAbIX BELLECTB;
paccuMTaHHOe 3HayeHuWe MpPUMBEAEHHOrN0 HOBOrO XMMMUYECKOro CPOACTBA; KAacCMyeckoe
XMMWUYECKOE CPOACTBO; CTAHAAPTHOE 3HayeHWe 3Heprum M66cCa XMMWUYECKOW peakuuu;
MuHepanbl KobanbTa.

Kobanbtr muHepangapol YLLIIH
A G°/nxaHe A G° paCTYpAI
emec TepMOAMHaMMKaanK,
dYHKUMANAPBIHbIH, 63repy
3aHAbINbIKTapbI

X.K. OcnaHos!?, K.M. Cmaunnos'?,
E. Hypyaoi?

9n-dbapabu aTbiHAaFbl Kasak YATTbIK
YHUBepcUTeTi «FblNbIMU-TEXHONOTUANDIK,
napk», Anmatbl, KasakcTaH

290 ®apabu atbiHAafbl Kasak YATTbIK
yHuBepcuteTi, AnmaTtbl, KasakcTtaH
E-mail: eldar_nuruly@mail.ru

Ocbl Makanaga MuHepangap MeH epiTKiWTepaiH MUHepPanablK WUKI3aTTbl KaWTa eHaey
KafpalblHAa KaTTbl  AeHe-CYMbIKTbIK  dasanapbliHblH, 6eniHy WwekapacbiHAa peaKkuuAnbIK,
KabineTTiniriHiH,  aibipMawbINbIFbIH - BOMKAYAbIH,  Kannbl  Kafupanapbl  KapacTblpbligbl.
Kob6anbTTblH epuTiH MWHepangapblH awy YWiH epuTiH peareHTTiH, dcepiHiH TUiIMAiniriH
TaHAayAbl 60NKayAbl KOHE KaTTbl AeHe-CYMbIKTbIK dasanap WwekapacbiHAa 6TeTiH MUHepanabl
LWMKI3aTTbl TMAPOXUMUANDBIK dA4iCNEH INEKTPOH AeHreliHae KalTa eHaey KesiHaeri 6acekenec
peaKuMAHbIH, A3WeKTi eTyiH 6osKayabl »Ky3ere acbipyfa MYMKIHAIK 6epeTiH XMMUANbIK
YKCACTbIKTbIH, YKaHa KacueTTepi Typanbl TyciHikTep 6aaHaanfaH. EpiTkiw peareHTTepaiH,
ocep eTy TUIMAINiriHiH e3repyiHiH OypblH  6enrici3  3aHAbIAbIKTapbl XaHe 6acekenec
peakumnanapabiH, Ty pPeTTiNiri aHbIKTanabl, an ON ©3 Ke3eriHge epiTKiWw peareHTTiH acep eTy
TUIMAINITI KaHe KeWiHr peaKkuMAHbIH, 8Ty PeTTifir KenTipifreH »aHa XMMUANbIK YKCACTbIKTbIH,
ecenTenred maHiHe (A G%n) 6aiinaHbicTbl 3aHAbl Typae e3repeai. Toxipubenik Typfbiaa eH,
a3 yaKplT WbiFbIHbIMEH MUHEPas/bl LUMKi3aTTaFbl KOBaNbT MUHEPaNAapbliH awyablH, FbINbIMU
Heri3fepiH Kypy YLWiH KaTTbl 3aTTap Ty3yAiH opTalla aTom SHEpPruAChIH (A,G" ) aHe kenTipinreH
aHa XMMUANBIK YKCACTbIKTbIH ecenTe/ireH MaHiH (A G°/n) naiiganany VCbIHbIﬂ,CI,bI

Tyiin ce3pep: KaTTbl 3aTTapAblH nakiga 6onybiHbIH OpTalla aTOMAbIK 3SHEpPruAchl;
KeNTipinreH aHa XUMUANBIK YKCACTbIKTbIH MIHAEPi; KAACCUMKaNbIK XUMUANbIK YKCACTbIK;
XUMUANBIK peaKkLMAHbIH TM66C SHEePrUACHIHbIH CTaHAAPTTbl MaHi; KOBanbT MUHepanapsbl.
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This article considers general principle of predicting the difference in the reactivity
of minerals and solvents in the conditions of their interaction at the interface between solid
and liquid for cobalt minerals in the processing of mineral raw materials. The ideas of new
properties of chemical affinity which allowed to carry out the forecast of a choice of efficiency
of action of the dissolving reagent for opening of hardly soluble minerals of cobalt and the
forecast of consecutive passing of the competing reaction proceeding on solid-liquid boundary
at processing of mineral raw materials by a hydrochemical method at the level of an electron
are stated. Previously unknown pattern of change the effectiveness of the solvent of the
reagents and the sequence of passing a competing reaction was established, namely, that the
effectiveness of the solvent of the reagent and the sequence of passing the subsequent reaction
naturally varies with the calculated values given new chemical affinity (A G%n). It is practically
proposed to use the average atomic energy of the formation of solids 'A.G" and calculated
value of the new chemical affinity A G°/n to create scientific basis for the opening of cobalt
minerals contained in the mineral raw materials with the least time.

Keywords: average atomic energy of formation of solids; calculated value of the reduced
chemical affinity; the classical chemical affinity; the standard value of the Gibbs energy of
chemical reaction; cobalt minerals.
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1. BBegeHue

B HacToAwee
3aga4elt B 061acTN GM3NYECKON XMMUU ABNAETCA NOCTPOEHMUE

Bpema Haubonee yHAAMEHTANbHOW

TEOPUN pPEeaKLMOHHOM CNOCOBHOCTM MUHEepanos (TBepablx
BeLLecTB), pacTBopuTenen M cos3gaHve obWMX MNPUHLMNOB
NPOrHO3MPOBAHUA CKOPOCTU KOHKYPUPYIOWMX peakuuin c
MCNONb30BaHMEM HETPaAULMOHHOIO TepMOAUHAMUYECKOTO
noaxozaa.

Cnepyet ocob60 OTMETUTD, YTO UCMOIb30BAHME N3BECTHbIX
MOJIbHbIX TEPMOANHAMUYECKUX XapaKTEPUCTUK AfGO, ArHO, ArSU,
ArG0 He no3Bo/AeT OCYyWecTBUTb MPOrHO3  pasnyuAa
peakuMOHHON CNocobHOCTU MUHEpanoBs, M3-3a TOro, 4TO
CTPYKTYpHble eAWHULbI MWHEpanos
pa3/inyHble KOAMYecTBa HEOAMHAKOBbLIX aTOMOB U pPa3/inyHble
TUMbI Moatomy, cpaBHeHue 3Heprum [mMb6ca
06pa3oBaHMA B Npepenax OAHOTUMHbIX  COeAUHEHWIA
Nno3Bo/IAET MONYYUTb OnpeseneHHyl MHbopmauuio o6 ux

BK/OYalOT B cebs

cBA3n.

CPaBHUTE/NIbHOW PEaKLMOHHOW CcNocOBHOCTU TONbKO ANA
NpoCTbiX BewecTs M TO NpU  YCAOBUM OLMHAKOBOM
CTEXMOMETPUU, Hanpumep ANa TBEPAbIX BelwecTs Tnna: ZnO >
CdO > CuO > HgO.
MHoroobpasue
rMapomMeTannyprum, npu oboraweHuu pya, B XMMUYECKoM

npoL,eccos, MNCMOb3yeMblIX B
TexHo0rMm 0bycnoBmao HeobxoAMMOCTb pa3paboTaTb obLwme
NPUHLMUMbI yNpaBaeHUs GU3NKO-XMMUYECKMMMU NPoL,eccamm C
HaMMeHbLIMMK  3aTpaTamm Takasn
BOMpOCa CBA3aHa C Tem, 4YTo obwasa cuTyaumsa B obnactu

BpEMEHMU. nocTaHoBKa
TMAPOXMMMYECKOrO MNpOoLLecca, NPOTEKaloWero Ha rpaHuue
pasgena a3 (rmgpometannyprusa, oboraweHue pya,
XMMUYeckoe oboraueHue, MeToAbl CeNEeKTUBHOTO
pacTBOpeHWA, TeOXMMUYECKMEe MpPOLLecchbl), TakoBa, 4YTO 4O
HaCTOALLEro BPEMEHM OTCYTCTBYET KOMYECTBEHHAA Teopus,

cnocobHas npenackasaTb CKOPOCTb [AaKe 3N1eMeHTapHOWM
XMMMWYECKON peaKkLmu, TaKKe OTCYTCTBYeT O6LWMA NpUHUMN
BblbOpa pacTBopuTenein B rMapomeTannyprum "
dnotopeareHToB B ycnosuax ¢notaumn. Kpome TOTrO,
HEBO3MOXHO OTBETUTb Ha Bonpoc (6e3 nposeaeHUs
3KCMepuMeHTa), noyemy B OAHOM pacTBOpUTeNe OAHO
BELLECTBO PacTBOPAELTCA /lyyLle, a B APYroOM XyKe.

B uenom oTcyTCcTBME OTBETOB Ha TakuMe BOMPOCHI
npUBOAWUT, B CBOK oOyepeab, K 3aTpyAHeHMO Bblbopa
ONTUMANbHBIX YCNOBUIA WM3BAEYEHUA LEHHbIX METanN0B Npwu
nepepaboTke MuHepanbHoOro cbipba. [Mpu  paspaboTke
TEXHONOTMYECKOro npouecca MPOTEKalLWero Ha rpaHuue
pasgena ¢as TBepaoe TENO-KUAKOCTb ONTUMA/bHbIE YCN0BUA
Yale BCero Haxoauaun meToaom nogbopa, He NPUHUMAR BO
BHMMAHMWeE B AO/IKHOM Mepe HU TepMOANHAaMUYECKMEe CBOMCTBA
TBEPAbIX TeJ, HU KNHETUKY COOTBETCTBYHOLLMX MPOLLECCOB.

[na npoueccos, NpoTeKaloWwmx Ha rpaHuLe pasgena ¢as
B HEPABHOBECHbIX YCI0BUAX, HEObXoaMM Apyrov noaxoa,. Ons
nccnefoBaHUA HepPaBHOBECHbIX MPOLLECCOB, NPOTEKALWMX Ha
rpaHvue pasgena  ¢a3  TBeppoe
MCNONb30BaHWE HbIHE CYLL,ECTBYIOLLEro, TO/1IbKO3MMUPUYECKOTo
NOMCKa YC/NIOBUA NpOTEKaHMA MNOAOOHbIX  XMMWUYECKUX
npoueccos He  Bcerga nossonser  obocHoBaTb U
ONTUMM3MPOBATb paccMaTpMBaemble npoueccsl [1-2].

[Ona oTBeTa Ha BbllWeyKa3aHHble BOMPOCbI aBTOpPamu
MUCNONb30BaHbl MaTepuanbl ABYX HAYYHbIX OTKPbITMI [3-4], B
4acTHOCTK, HOBble TEpMOAMHAMMUYECKME OYHKUUKM — CpeaHAA
aTOMHasn aHeprua obpasoBaHMA (A/.G0 KIK/MONb*aToOM Ha
YPOBHE aTOMa) U NpUBELEHHOE 3HaYeHME HOBOTO XMMMUYECKOTO
cpoacTea (ArGU/n KOX/MONb Ha YPOBHE 3J/IEKTPOHaA),
No3BO/IAIOLIME HE TONbKO KOJIMYECTBEHHO MPOrHO3MpOBaTb
nocnefoBaTENIbHOCTb MPOXOXKAEHUN peakuuii pacTBOpeHus
MUHEpasoB MO OTHOLWEHUID K [aHHOMY pacTBopsAoWwemMy

T€eN0 — XWUAKOCTb,

© 2020 Al-Farabi Kazakh National University



24 3aKOHOMEPHOCTU U3MEHEHUSA HETPAAMLMOHHbIX TEPMOANHAMUYECKUX. .

peareHTy, HO U OCYWeEeCTBUTb NPOrHo3 Bbibopa 3adbdekTnsHo
[efCTBYIOLLMX peareHToB 418 BCKPbITUA TPYAHO PaCTBOPUMBbIX
MUHepanos npu nepepaboTke MUHEPASIBHOTO CbipbA, A TaKKe
OHM XOpOLIO KOpPEesiMpytoT CO CKOpOCTbio mpoueccos [5]. B
Lesom, aBTOPamMu C WCNOAb30BAaHMEM CpefHell aTOMHOM
3Heprum o6pasoBaHUA TBEPAbIX BELLECTB WM NPUBEAEHHOro
3HauYeHWA HOBOTO XMMMWYECKOTO CPOACTBA YCTAaHOB/EHbI PAL,
HOBbIX, Ba)KHbIX MOJIO¥KEHWI, COCTABAAIOWMX OCHOBY HOBOrO
3aKoHa.

B Hawem cnyyae MMEHHO OTHeceHue 3Heprum M66ca
o6pa3oBaHMA MUHepasna K OLHOMY aTOMy CTPYKTYpHOW
eAMHULbI, KaK OKasanocb, npeacTaBnsetr coboi nydwee
NPUBAMKEHUE K peasbHbIM YCIOBUAM, YeM Ta Ke BeNNYMHA,
OTHECeHHasa KO BceW CTPYKTYpHOW eauHuue uam 6pyTTo-

dopmyne.
Taknm 06pasom, Lenbto 4aHHOT0 UCCNe0BaHNA ABAAETCA
yCTaHoBNEHUNE 3aKOHOMEPHOCTHU U3MEHEHUA

TepMOAMHAMUYECKMX OYHKUMIA cpedHeit aTOMHOW 3Hepruu
06pasoBaHMA C WM3MEHEHMEM PacCYMTaHHOro 3HauyeHuA
npvBeAeHHOro HOBOro XMMMYECKOro CPOACTBa 419 MUHEPanos
Kobanbra.

2. PesynbTatbl M 06CyXKAEHME

06Len3BecTHO, YTO MHOrMe TBEpPAble BewecTsa MMeoT
CNOXHbIN  cOCTaB, O0COBEHHO MPUPOAHbIE  MWHepasbl.
YuuTbIBasA, YTO BCE NPUPOAHbIE MUHEPasbl (a TakKe MHoruve
TBepAble BewecTsa) CUAbHO Pa3NnYaloTCA No COCTaBy, aBTOPbI
counn uenecoobpasHbiM MCMONb30BaTb BeMUMHbI  AGP,
OTHECEHHbIE K YMCYy aTOMOB, COOTBETCTBYOWMX NpocTeiLein
dopmyne BewecTsa, YTobbl FOBOPUTH O HEKOTOPOM KCPELHEMY
BK/1laZle aTOMOB, NOCKO/IbKY TOUYHbI BK/Iag, KaXK4Oro M3 HUX B
3HaveHne AG° HenssecTeH. CpesHAA aTOMHaa 3Heprusa
06pa3oBaHMA TBEPAbIX BELLECTB paccymTbiBanachk no popmyrne,
npeanoXKeHHow B [6]:

0
A,G

0 _
-A,G' ==

rae «n» —4ncao atomos (B bpyTTo-dopmyne) B TBEPLOM
BellecTBe. B panbHeliwem 6bina Mcnonb3oBaHa BenUuMHA
A/_GO , TaK HasblBaeMaa cpefHAA aTOMHaA 3Heprus
o0bpasoBaHuna MMHepanos (KOx/monb atom) [6].

OTctoga nepBoe NOMOMKEHWE MACUT, YTO «PeaKkLMOoHHan
CNoCo6HOCTb MWHEpana 3aBUCUT He TONbKO OT MPUPOAbI
COCTaB/ALLWMX aTOMOB (Npasuna agfUTUBHOCTM), HO WU OT
CTPYKTYPHbIX — eAWMHUL,  TBepAblX  BelecTs,  KoTopble
BK/IOYAOT B cebs pasnnMyHble KONMYecTBa HEOAMHAKOBbIX
aTOMOB M Pa3inMyHble TUMbI CBA3M» [7]. B KayecTBe OCHOBHOTO
obbeKkTa B nepByld ouvepedb ObiNM  M3yuyeHbl pPasAUuUA
peakuMoHHOM cnocobHOCTU cynbGUAOB B 3aBUCMMOCTU OT
BE/IMUUHDI A/.GO , TaK KaKk cynbduabl, CUAMKATbI U OKCUAbI
ABNAIOTCA Ba)KHbIM CblpbeM B LBETHOW MeTanayprum wu
XMMUYECKOW NPOMBILWNEHHOCTH.

LOanee 6bin  cocTaBieH

nocnenoBaTesibHOCTU PacTBOPEHMA 4YaCTO BCTpedarownxca B

TEPMOAUHAMUYECKUI  pAL

npupoae MUHEPAsNoB pPas3/INYHbIX MeTannoB (B npeaenax
OLHOTUMHbIX BewecTs). B KayecTBe npumepa pPaccCMOTPUM
cynbdUaHbIE MUHEpPaASbI.

Ha oOcHOBaHWW BENMYMH CcpefHEeW aTOMHOMN 3Hepruu
obpasoBaHua (Af G%) paHee [8] cocTas/ieH
TEPMOAMHAMUYECKUIA pPAL, MO YMEHbLIEHUIO PEeaKLUOHHOM
CNOCOBHOCTM YACTO BCTPEYAOWMXCA B NPUPOAe CyNbPUAHbIX
MuHepanos: Cu,S3AgS > AsS > As S > Cu,SAgS > Cuzslpomﬁ) >
3Cu,S'As,S,>3Cu,SSb,S.>Cu,S  >AgS>BiS,>SbS,>Cu,FeS,
> FeAsS > CuS > CuFe,S, > CuFeS, > PbS > FeS, > Re,S > ReS, >
MoS, > ZnS. Tak oka3anocb, Y4TO Be/IMUYUHDI AfGO (cpeaHune
aTOMHble 3Heprun 06pa3oBaHMA, BblpaXkeHHble B KK/
MO/Ib*aTOM) 33aKOHOMEPHO MEHATCA npu nepexode OT
Annamta K chaneputy. [ONa  HarnsagHOW  MAAOCTPaLUM,
noaTeBepxAaatoLLen npaBuUIbHOCTb BblLENPUBEAEHHOTO
COCTaB/IEHHOTO TepMOAMHAMMYEecKoro paga Ccynbduaos,
npusoaum Tabaunuy 1. Kak BuaHo 13 Tabnuupl, 3HauyeHmna A G°
U3MEHSAIOTCA He 3aKOHOMEpPHO, a CKaykoobpasHo, moaTomy
AG® sABnAeTCA HeNpuroAHblM ANA MPOrHO3a PasnnymA
peakLMOoHHOM cNOCOBHOCTM TBEPAbIX BELLeCTB (MMHepanos).

AHanuns 3HaYeHuM TepmoanHamMmmn4eCKoro pAana
BbllwenpuneeaeHHbIX Be/IMYUH A/,GO NOKa3blBaeT, 4TO
peakuMoHHaA cnocobHocTb Cyl'lbd)Mp,OB YMeHbLaeTcaA B

HanpaenaeHUM OT Annamta K chaneputy, T.e. Habnogaerca
pPOCT abCOMOTHLIX 3HAYeHUI cpeaHel aTOMHOM 3Heprum
o6pasoBaHua B pAgy  MUHepanoB-aHasoros, yTo
CBMAETENbCTBYeT 06  YMEHbLEHWW WX  PeakLMOHHOM
cnocobHocTu (BTOpoe nosoxeHue). Takoii NPOrHO3 Ha OCHOBE
cpaBHeHuA A/,GO TaKXe NpoBOAWAUCL AN OKCUAOB,
CUIMKATOB U APYrMX KNAccoB coeanHenunii [5, 11].

CnpaBeasBOCTb TaKMX MPOrHO30B MOATBEPNKAAETCA
SKCMEPUMEHTANbHbIMU  AAaHHLIMW MO  W3BAEYEHUIO MOHOB
MeTanfioB U3 TBepaoW ¢asbl B PacTBOP, MOJYYEHHbIX (npu
NpPoYMX PaBHbIX YC/0BMAX) KaK aBTopamu, Tak WU Apyrumu
nccnepoBaTensaMm Aaa pALa CAOXMHbLIX OKCUAOB, CUAMKATOB,
docdaToB M cynbOUAHBbIX MUHEPANOB U AAA APYTUX KNAcCoB
COeAMHEHMM, a TaK¥Ke, C KUHETUYECKMMM XapaKTepUCTMKamu
[5, 11]. Ona cpaBHUTENbHOTO M3yYeHUA B HacToAlen paboTe
NPUBOAWUTCA [AaHHble O B3aMMOALENCTBUM OKUCAEHHBIX W
CynbGUAHBIX MWHEPaNoB MeaAM M MUHepasnos KobanbTa B
PasNNYHbIX OKMCAUTENAX B CONAHOKUCAON cpeae.

BenunumHbl AfGO 3aKOHOMEPHO YMEHbLUAIOTCA TaKKe
npu nepexoae OT aTakamuTa K anuTy (Tabnunua ), ot
XaNbKo3WHa K Xanbkonuputy (tabauua 3), oT moaaepvTta K
NIMHHEeNTY (MUHepanbl KobanbTa, Tabauubl 4-5), 4TO XOpoLO
cornacyetca € 3KCMEePMMEHTa/NibHbIMU  KMHETUYECKUMM

AaHHbiMM - [5,11-12] npu  o6bpaboTke C  pasAUYHbIMK
peareHTamu.

O6bIYHO  TPaAMUMOHHBIM  MeToAOM npu  Bbibope
ONTMMasbHbIX  YCNOBUI  M36MpaTeNbHOrO  PacTBOPEHuA

MWHEpPasioB ABNAETCA OLLEHKA CTeNeHN PacTBOPEHUA KaXK40ro
MWHepana B Kakom-1Mbo pacTtsopuTesie, B 3aBUCMMOCTM OT
pa3inyHbIX GaKTOPOB. ITOT NPOLECC AOCTATOYHO TPYA0EMKUIA.

BecTHuMK KasHY. Cepua xummyeckasa. — 2020. — Nel
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Ta6numua 1 — CtaHgapTHble 3HaueHua sHeprum Mmb6ca (A G) un
cpegHue aTomHble aHeprun obpasoBaHus (A/GO ) cynboduna-
HbIX MUHepanos [8] ‘

0 0
I
Annant CUZS'3AgZS*** 181,8 15,1
Peanbrap AsS** 351 17,5
AypunurmeHT As S 95,4 191
LLiItpommeiteput Cu,SAg,S 122,0 20,3
XanbKo3uH (pom6.) Cu,S (p)* 79,5 26,4
TeHHAHTUT 3CUZS‘A5253 381,8 272
TeTpasgput 3Cqu'szS3 392,5 28,0
XanNbKo3WH (reKc.) Cu,S** 86,2 28,7
ApreHTuT Ag,S** 879 29,3
BucmyTUH BiZSS** 153,1 30,6
AHTUMOHUT SbZS;‘* 156,1 31,2
BopHuT (1) Cu,FeS 4* 322,3 32,2
BopHuT (1) Cu,FeS,* 236,3 33,7
ApceHonnput FeAsS** 109,6 36,5
KosennunH CuS** 76,2 38,6
Ky6aHut CuFe,S.* 303,6 43,6
fenmacynogua Re,S * 395,0 8338
peHus
XanbKonuput CuFeSZ** 178,7 44,7
faneHut PbS** 98,7 49,4
Muput Fes,** 162,8 54,4
Ouncynbdung peHus ReS ** 178,2 59,4
MonunbaeHut MosS ** 226,1 75,3
Cdanep ZnS** 203,8 101,8

***3HaueHuna A G° sanmcTBoBaHbl 13 paboTbl ®.A. JleTHWKOB [9].
**3naveHuna AG° B3aTbl 3 paboTbl [.B. Haymos, b.H. PbixkeHko, U.J1.
Xoaakosckui [10].

*3HayeHuna A.G° HaliaeHbl || —MeTo0M CpaBHWTENbHOTO pacyeTa U3
3aBucumoctn A G’ =AAH *+B (2.1).

B To e Bpems, pAA, COCTaB/EHHbI Ha OCHOBE CpPaBHEHMUSA
BE/IMYMHbI  CpefHeil aTOMHOW 3Heprum o6pasoBaHusA,
KauecTBEHHO MpOrHo3MpoBaTb  Noc/iefoBa-
TENbHOCTb PAaCTBOPEHMA MMUHEPaNoB-aHasoroB B TeX WU
APYrMX  pacTBOpWUTENsAX, He  MpoBOAA  TPYAOEMKMX
aKcnepumeHTos [2].

Kak nokasblBaloT npuBegeHHbIe NpMMepbl (HEKoTopble 13
MHOTOYMCEHHbIX MMEILWMXCA) MO COMNOCTaBAEHMUIO OMbITa U

nossosAeTt

nporHosa (6e3 npoBeAeHMs 3KCMEPUMMEHTa), BE/IMYMHDI
cpeAHel aTOMHOM 3HepruM obpasoBaHWA, B MEpPBOM
NPUBNMMNKEHUM, CAyXKAT Mepoir  OUEHKUM peakuUOHHOM

cnocobHocTn KOHKYPUPYOLWNUX MUHEPANOB NO OTHOWEHUIO K
AeﬁCTBMIO peareHTos: N0 HUMM MOXHO OPUEHTUPOBOYHO

ISSN 1563-0331
elSSN 2312-7554

npefckasaTb MocC/ief0BaTeNbHOCTb Mepexona MWHepasnos B
pactBop npu ux 06paboTKe OAMHAKOBbLIMU

Tenamu [7]. ChepyeT OTMETUTb, YTO aBTOPaMM paHee TaKKe

pactsopu-

BbIMO/IHEH KayeCTBEHHbIA MPOrHO3 PasNMuUsA PeaKkLMOHHOM
CNOCOBHOCTU A1 MUHEPAOB A4PYrMX METaN/I0B: MeAu, LUMHKa,
CBMHLA, CYpPbMbl, cepebpa,
Bo/bdpama, monnbaeHa, peHus, 6epunnuns, ypaHa, alloMuUHNA,

BUCMYTa, ceneHa, Tennypa,
)Kenesa, mMarHusa v T.4., T4e UX peakuMoHHas cnocobHOCTb
3aKOHOMEPHO U3MEHAETCA C U3MEHEeHWEM Be/IMYUHbI CpeaHei
ATOMHOW 3Heprun obpasoBaHmA (AfGO ) NO OTHOLWEHUIO K
JaHHOMY peareHTy (63 MNpOBEAEHWA  SKCMEpPUMEHTa).
Bnocneactauu aTo noATBepKAeHO KMHETUYECKUMHU
XapaKTepucTMKamu, a TaKXe MNpu  BHeApeHUW B
NPOn3BOACTBEHHbIX ycnoBuax [5, 11-12].

Tak)Xe aBTOpamMu WCMNOAb30BaHbl MaTepuasnbl APYroro
Hay4yHoro OTKpbITUA [4] Ana co3gaHua o6LWMX NPUHLMMNOB
NPOrHO3upoBaHua  Bblbopa 3GPEeKTUBHO  AEeNCTBYHOLWMUX
peareHToB A/A BCKPbITUA TPYAHOPACTBOPMMbIX MUHEpPasoB
npu nepepaboTke MUHEPaNbHOrO CbipbA W MNPOrHo3a
nocnef0BaTe/IbHOrO MPOXOMKAEHUA KOHKYPUPYIOLLMX CIOMHbIX
peakuuii, MpoTeKalowWwmux Ha rpaHuue ¢as TBepgoe Teno —
MUIKOCTb, c MCnonb3oBaHMEM HeTpaaMLMOHHOro
TEPMOAMHAMUYECKOTO NOAX0Aa.

B npouecce pacTBopeHuUs TBEPAOro BeLlecTsa (MruHepana)
npovcxoaAat Aga
npouecca: nepsblit NpoLLecc — paspyLleHne KpUcTananyeckom

B [OaHHOM pacTBOpAKOWEM peareHTe,

pelweTKkM MMHepana nog AenMcTBMemM PacTBOPSIOLLErO peareHTa
M BTOpPOW npouecc — ocsoboamslumecs cBOBOAHbIE WMOHbI
MeTas/I0B NepexoanT U3 Teepaoi Gasbl MMHEpPasios B PacTeop,
CBA3bIBAOTCA C aHMOHaMK, 06pa3ys cou, 60O CBA3bLIBAKOTCA C
NvraHgamu. 3TW 4Ba NPOLECCca XapaKTepu3yHTCA SHEPruamm
B3aMMOLENCTBMUA MUHEPA/IOB C PaCTBOPAIOLWMM PeareHToMm, B
YaCTHOCTM, CyMMapHasn 3Heprus B3aumMogencTena MuHepana c
pPacTBOPAIOLLMM peareHTOM COCTOUT U3 ABYX SHEPruii: nepsas
—3Heprua paspyLleHnUa KPUCTaNIMYECKON PeLLeTKM M1Hepaios
noa AevcTBMEM PacTBOPAIOLWLErO peareHTa ArG? , M BTOpasn
— 3Heprua CcBA3blBaHUA ArG(I)
TBepaoi ¢asbl B pacTBOpP aHMOHaMM B BMAE COM WM
AUraHgammM B BMAE  KOMMEKCHbIX  coeAMHeHuit  [5].
CnepoBaTesibHO, MOXKHO OXKWAATb 3aKOHOMEPHOE U3MeHeHWe

MOHOB, nepewegwunx wu3s

SHEpPrMM TO/MIbKO B CAyYyae WMCMNO/Mb30BaHWA PACCYUTAHHOrO
3HayeHuA npUBEAEHHOr0O HOBOTMO XMMMYECKOro CPOoACTBa
(0G°/n=AG°) B ycnosuAax pacTBOPEHUA MWHepanoe B
Pa3/IMYHbIX PACTBOPAIOLLMX PeareHTax, eciv paccmaTpmMBaemble
peakumm O4HOTUMHbI MO XMMMU3MY M3y4aeMoro npouecca.

Mo3ToMy ANA pelleHna yKasaHHOro Bonpoca aBTopamu
MCMOMb30BaHbl YHUKaNbHble CBOMCTBA HOBOFO XMMWYECKOTO
cpoactsa (A G%n) [4], B 4acTHOCTM, ANA NPOrHO3a Pa3MuMA
peakLMOoHHOM cnocobHOCTM TBEPAbIX BelecTs (MMHepana) no
OTHOWEHWIO K  AaHHOMY peareHTy, AAs  NpOrHosa
nocnenoBaTeIbHOCTH NPOXOXKAeHUA KOHKYPUPYHOLMX
peakuuit (B npeaenax o4HOTUMHbLIX pPeakuuun), 41a NPOrHo3a
3pdeKTMBHO peareHTOB 7 ans
LeNeHanpaBieHHOro BCKPbLITUA (PasnolKeHua) MuHepasnos
(TBEpPAbIX BewecTs).

OeNCTBYOLNX
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WHaue rosops, no BenuunHe A G°/n MOXHO CyauTb O
pasfiMumMm  peakuMOoHHOM MuHepanos 6e3
npoBeAeHMsA SKCNEPUMEHTA, KaK B C/lyyae C UCMNO/Ib30BaHNEM
cpefHeil aTOMHOW 3Heprun obpasoBaHuA TBEPAbIX BELLECTB
(MmMHepanos). CywHOCTb MeToAa 3aK/4aeTca B TOM, YTO B
3TOM C/ay4Yae wWcCnedyetcs B3aMMOLENCTBME PasINYHbIX
MWHEPasioB MO OTHOLWEHMIO TO/IbKO K OAHOMY pPacTBOPAIOLLEMY
peareHTy. 3aTeM PaCCUMUTLIBAIOTCA BEANYMHbLI NPUBELEHHOMO
3HaueHuA xummyeckoro cpoactsa (A G%n) [13].

crnocobHocTH

B KauyecTBe mnpumepa MpuBeAEeHbl pe3ynbTaTtbl MO
M3MeHeHUIo BennymnHbl A G°/n (Tabanupbl 2-3) ANA OKNCAEHHbIX
M cynbdUAHbIX MUHEPANOB Meau U ANA APYTUX MUHEpanos
meTannos [5], yTO 0AHO3Ha4YHO
nocnefoBaTe/IbHOrO M3MEHEHWA 3HayYeHUs NpUBEAEHHOro
3HayeHMA  XxmMmuyeckoro  cpoactea  AG%n  m xop
nocneAoBaTe/IbHOro M3MEHeHUs cpeaHeil aTOMHOW 3Heprum
06pa3oBaHNA MUHepasoB GaKTUYECKM COoBMagatoT (XoTa Mx

3HaKu I'IpOTVIBOI'IO/'IO)KHbI).

YKa3blBaerT, Xxon4

Ta6nuuya 2 — CTaHgapTHOe CyMMapHOoe M3MeHeHMe 3Heprum MMb6ca xumuyeckoit peakumn (A G°) u paccumTaHHble 3HaYeHMA

NpMBEAEHHOTO HOBOTO XMMMYECKOro cpoacTsa (A G°/n) okucneHHbix MuHepanos mean B pactsope S/TA, cpeaHas aTomHas

3Heprusa nx obpasosaHua ( AfGO ) U KUHETUYECKME XapaKTepucTuKku [5]

-AG, -A,G,/n, n-pacxop — " N3BneyeHne
r T -A GO W.1013
Peakuun kO / monb  3[TA B pacyeTe Ha f ’ meamn B % B
/ . Monb/cm?+c?t
peakuum 1 monb mnHepana kMx/mone:atom 0,1 M3ATA
Arakamur 607,0 151,7 74,5 691* 91
CuCl,-3Cu(OH), + 4H2Y* — 4CuY?> + 2CI" + 6H,0 + 2H* ! ! !
bpowaHTuTt
589,3 147,3 86,6 501* 82
Cu,(SO),(OH), + 4H,Y* — 4CuY* + SO,* + 6H,0 + 2H"
Manaxut 2283 1141 90,0 410450 71
CuCl,*Cu(OH), + H,Y> — 2CuY> + CO,> + 2H,0 + 2H" ’ ’ ’ -
Asyput
2CUC03'CU(OH)2+ 3H2Yz'4) 3CuY? + 2C032' + ZHZO + 283,0 94,0 95,4 340+20 67
4H*
Xpusokonna 37,0 37,0 150,9 30+20 42
CuSiO,*H,0 + H,Y* — CuY*+Si0,*H, 0 + H,0 ! ’ ’ -
nut
Cu,(PO,),(OH),"H,0 + 5H2Y* — 5CuY* + 2P0 * + -408,4 -81,7 156,4 8,8+0,6 36
5H,0 + 6H*

** M3yyeHne cTeneHn U3BNeYeHna meamn U3 BblllenepeyncaeHHbiXx MMHepanos mean npueegeHsl B 0,1 M 3ATA. Hasecka muHepanos 50 mr,

ob6bem pactsopa 3ATA — 100 mA, KPYNHOCTb YacTUL, MUHepanos -150+200 mew, NPOAOMIKUTENBHOCTL ONbITa BCTPAXMBAHMA Ha Mellanke

peaKkuMoHHOM cmecy 30 MUH. TBEPA,0E TENO — KUAKOCTb.

* 3HauyeHua W onq Bcex paccmaTpuBaeMblX peakuuii onpeseneHsl B nepsblie 5-10 MUH. OMbiTa Ha Ha4albHOM Y4aCcTKe KUHETUYECKON KPUBOIA
(B ycnoBusAX NOYTU OTCYTCTBUA NPOAYKTOB PeakLmm) npu GUKCUPOBAHHOW MCXOAHOM KOHLEHTPALLMM peareHTos.

Ta6numua 3 — CpaBHUTeNbHbIE PacCcYMTaHHble 3HaUYEHUA NPUBEAEHHOrO XMMUYecKoro cpoacTsa (A G%/n) u yaenbHbIx cKopocTeit

OKMCNEHUA CyNbOUA0B Mean OKUCAUTENAMM (KPYNMHOCTb YacTuy, -150+200 melw, ymucno onbiToB -6, a=6, TemnepaTypa 25+0,2°C,

NPOAOIKUTENbHOCTL OnbiTa 120-240 cekyHA U cpefHee 3Ha4YeHne aTOMHOM 3Heprum nx obpasosaHua (AfG0 )

Okucautens
Cynodua -Afa, FeCl, NaNO, ca(ocl),
KK/MONb aTOM -AGy/n, W, -AG,/n, W, -A,G,/n, w,

KX/Monb monb/m?c KOX/MoNb monb/m?c KOX/MONb monb/m?c
Cu,S(p) 26,4 53,2 8,5-101° 87,6 1,42-10° 487 25,3-10*
Cu,FeS, 32,2 19,6 5,4-10** 49,8 0,57-10%° 469 15,2-10*
Cu,FeS, 33,7 18,5 5,0-101 27,4 0,42-101° 457 13,5-10*
CusS 38,6 16,7 4,7-10"2 18,8 0,19-10* 377 10,1-10*
CuFeS, 44,7 3,6 3,3-10*® 5,8 0,09-10*2 80,5 7,90-10*
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B KayecTBe npumepa MOMHO MPUBECTU AaHHble U3
Tabnnubl 3, rae 3HaveHna AG’/n B
MONOMKEHUM NPU MEePEXOAe OTXI0PMAaA Kesle3a 40 M’MNoxXa0puTa
Ka/buna byayT MeHATHCA TeM cUNbHee (bonee oTpuuaTenbHee),
yeM Bblle  peakuMoHHas  cnocobHocTb  3bdEeKTUBHO
gencreyowmx peareHtos. CnefosaTesibHO, MHTEHCUBHOCTb

rOPU3OHTa/IbHOM

OKMC/IEHUA Xa/lbKONUPWTa CUIbHO BO3pacTaeT Npu nepexoae
OT XN10pUAa Kenesa K TMNoX0pUTY Kanbuua. MHbIMKU cnoBamu,
eciM  cyauTb NO BE/AMYMHAM MNPMBELEHHOro 3HauyeHuA
xumuuyeckoro cpoactea (A G%n), Hanbonee sddeKTUBHbIM
OKMC/UTENEM ANA  XaNbKOMMPUTa ABAAETCA TUNOXAOPUT
Kanbuma. Takum o6pa3om, MOKasaHo, 4YTO B cUCTEME
okucautens Ca(OCl),-NaNO,-FeCl,— cynbdua meau — Boaa npw
CPaBHEHUM yAeNbHbIX CKOPOCTEN peaKkLMOHHasA cnocobHOCTb
nccnepoBaHHbIX CynbdUAoB ymeHblwaeTca B pagy: CuS >
Cu,FeS,> Cu,FeS, > CuS > CuFes,.

CnepoBaTenibHO, PasnNuMA PeaKUMOHHOW cnocobHoCTH
TBepAblX BelecTB (MMHepasnoB) B Kakom-anbo B AaHHOM
pacTBOpUTE/Ie TaKKe MOXKHO NPOrHO3MPOBATb MO USMEHEHUAM
BE/IMYMHbI PACCUYUTAHHOrO 3HAYEHUA MPUBEAEHHOTO0 HOBOrO
Xmmuueckoro cpoactsa (A G%/n).

B HacToswel pabote 60/blWON MHTEPEC NPEACTABAANO0
uccnefoBaHMe  xapakTepa B3aMMOAEWCTBUMA  MUHEpasnos
KobanbTa B Tex e OKUCAUTeNAX C Uesblo obHapykeHua
COOTBETCTBUA MeXAay ArGU/n " AfGO , KaK B cny4vae usyyeHua
OKMC/IEHHBIX U CYybOUAHBIX MUHEPANOB MeAMN B OKUCAUTENAX
B COMIAHOKUCNON cpeae.

PaccmoTpum, Hanpumep, AaHHble PacCYMTaHHOrO
3HaYeHUs MPUBELEHHOTO HOBOrO XMMWYECKOro CPOACTBa
(A,G°/n) ana muuepanos KobanbTta (Tabanubl 4-5). Kak BuAHO
M3  3TUX [AaHHbIX, GaKTUYeckn no A G%/n
HabntogaeTca MOHWKEHWEe pPeaKLMOHHOM
cnocobHOCTM B pAAY YKasaHHbIX MUHepanos KobanbTa U AnA
CPaBHUTENbHOTO  M3y4YeHuWa  MNPUBOAUTCA  pe3ynbTaThl
MU3YYEHUA OKMUCAEHHbIX M CYNbOUAHbIX MWHEPaNoB mMeau
(tabnnupbl 2-3) Kak B caydae Npu COMNOCTaBAEHWUWU cpedHel
aTOMHOM 3Heprum o6pasoBaHus.

Kak BuaHo 13 tabnuu 4-5, rae npeacTaBaeHbl pesybraThl
TEPMOAMHAMMYECKOTO aHaNM3a M3MEHEHMS PacCYMTaHHOro
3HayeHua MpPUBELEHHOr0 HOBOTMO XMMMYECKOro CpPOoACTBa
(8,G%/n), nonyyeHHoro npw B3aMMOAENCTBMM MUHEPasnos
KobasibTa B YKasaHHbIX OKWUCAUTENAX, aBTOpamMu Brepsble
noKasaHbl 3aKOHOMepHble u3MeHeHna A G°/n ¢ nsmeHeHnem
Be/INYMH CpeaHei aTOMHOM sHeprum o6pasoBaHMa M1HepPanos
Kobanbta. B TO Bpema 3HadyeHua -AG°/n w -A/a B
BEPTUKaNbHOM 4N MUHepanos
(tabnnua5) ot CoAs>CoAsS>CoAs, peaKLUMOHHOM! cnocob-
HOCTM (HECMOTPA Ha pasHble MX 3HayeHus) B pAay Bbile
npuBeAeHHbIX nagaeT M HabngaeTca 3aKoHOMepHoe
usmeHeHue -A G°/n c nsmeHeHunem -AfGo . CneposarteibHo,
yem cuabHee bByAeT MEHATbCA B CTOPOHY OTPULATE/NbHbIX
3HaYeHuM -ArG"/n okucauteneit npu nepexoge ot NaNO, go
KMnO,, Tem 6yaer Bblwe peakuMoHHasa CMOCOBHOCTb
3bdEKTMBHO AENCTBYIOLLMX peareHToB.

BeNn4YnHe
aHa/orM4yHoe

NONOXeHUn KobanbTa

Ta6nunua 4 — VismeHeHune sHeprum Mb6ca (A G) XMMUYECKOI peakLu OKMCNEHNA MUHepanos KobanbTa M MX PacCyMTaHHOro
3HaYeHWA NpuBeAEeHHOro XMMMYecKoro cpoacTsa (A G°/n) n cpeaHne aToMHbIe 3HepruM ux obpasosaHNA (A),GO ) MMHepanos

KobanbTa (cocTaBNeHa aBTopamu)

Ne Peakuumn 2.6 .6/ 'Afa ’
k/Mmonb K/Mmonb K[K/MONb*aTOM
XnopHoBgatas kucnota (HCIO)
1 CoAs + 3HCIO > H,AsO, + CoCl, 590,2 n=3; 196,8 24,6
2 CoAsS+4HCIO + HCl-> H,AsO, +CoCl+S°+H,0+Cl, 622,8 n=4; 155,9 26,3
3 CoAs, + 6HCIO - 2H,AsO, + CoCl, + 1,5Cl, 856,9 n=6; 142,9 32,1
Tunoxnopua kanbuusa (Ca(OCl),)
1 2CoAs + 3Ca(OC|)2+ 6HCI - 2H,AsO, + 2C0C|3+ 3CaC|2 1180,4 n=1,5; 787,0 24,6
2 CoAsS +2Ca(OCl), + 5HCI - H,AsO, + CoCl,+ H,0 + Cl, + 2CaCl, + S° 622,8 n=2;311,4 26,3
3 CoAs, + 3Ca(OCl), + 6HCI > 2H,AsO, + CoCl, + 1,5CI, + 3CaCl, 856,9 n=3; 285,4 32,1
HuTput Hatpusa (NaNO,)
1 CoAs + 6NaNO, + 9HCI -> H,AsO, + 6NO + 6NaCl + CoCl, + 3H,0 476,9 n=6; 79,4 24,6
2 CoAsS + 8NaNO, + 13HCI > H3AsO3+8NO+8NaCI+CoCI3+ 5HZO+S°+ CI2 471,5 n=8; 64,3 26,3
3 CoAs,+ 12NaNoO, + 18HCl - 2H,AsO,+ 12NO + 12NaCl + C0C|3+ 6H,0 + l,SCI2 629,9 n=12; 52,6 32,1
Nepokeung sogopoaa (H,0,)
1 CoAs +3H,0,+ 3HCI - H,AsO, + CoCl,+ 3H,0 616,5 n=3; 205,6 24,6
2 CoAsS +4H,0, + 5HCI - H,AsO, + CoCl,+ 5H,0 + S+ Cl, 629,9 n=4; 157,5 26,3
3 CoAs,+ 6H,0,+ 6HCI > 2H,AsO, + CoCl, + 6H,0 + 1,5CI, 909,1 n=6; 151,7 32,1
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Ta6auua 5 — CpaBHUTE IbHbIE PaCCUMTaHHbIe 3HAaUYeHMA NPUMBEAEHHOTO XMMMYECKOro CPOACTBA (A G°/n) B pasnuHbIX OKUCAUTENAX

N cpegHue aToOMHble 3Heprum nx obpasosBaHma (Af G° ) MuHepanos KobanbTa (cocTaBneHa aBTopamm)

Okucnuntenm
—0
Cynoma A6, NaNO, HClo ca (0cl), KMnoO,
KK/MONb*aTom
—ArG“/n, KK/MoNb —ArGD/n, K /Mmonb —ArG"/n, KX/Monb -A G°/n, k[l /monb
CoAs 24,6 19,0 47,1 108,8 480,0
CoAsS 26,3 13,4 37,3 74,5 357,4
CoAs, 32,1 12,6 371 68,0 320,6

Kak BUAHO 13 TabnuLbl 5, B rOPU30HTaNbHOM NOIOKEHUN
BE/IMUYMHbI OTPULLATENbHbIX 3HAYEHUI NPUBELEHHOTO HOBOrO
XMMUYECKOrO CPOACTBA YBE/MUMBAIOTCA NpWU  nNepexose
okucauteneit ot NaNO, < HCIO < Ca(OCl), < KMnO, ansa scex
M3y4yeHHbIX MMHEepasoB apceHnaa kobanbra.

TaKke 13 gaHHol Tabauubl HabaogaeTca 3aKoHOMepHoe
yBe/NMYeHUEe XMMWMYECKOM aKTUBHOCTM OKUC/AUTenein B
3aBUCMMOCTM  OT -AG%/n. MNpwn cuny
OKMUCAUTENEN MOXKHO PACMONOKUTL B CEAYIOWNIA TepMOAMHa-
muueckuin paa: NaNO, < HCIO < Ca(OCl), < KMnO,. B To xe
BpemMsa B BEPTMKAJbHOM MOJIONKEHUU B pAAYy MUHepanos
Kobanbta CoAs > CoAsS > CoAs, coCTaBeHHaA peakuMoHHasA
CMoco6HOCTb Ha OCHOBE COMOCTaB/IEHUS CpeAHeil aTOMHOW
3Heprum ux obpasoBaHuA (AfGO) cornacyetca C XoAom
MU3MEHEHUs BesIMYUHbI '

BE€/IMYUHDbI 3TOM

pPaccYMTaHHOro 3HayeHua npuse-
AE@HHOTo HOBOTO XMMMYecKoro cpoacTsa (A G°/n).

Takum ob6pasom, u3 Tabauy 4-5, Habnwogaetca
3aKOHOMEpPHOE U3MEHEHME BEIUYNHDI AfGO C U3MeHeHWeM
3HaueHua A G/n.

Ecnm cyamntb no sennumHam A G°/n npu cnydae BCKpbITUA
TONIbKO OA4HOTr0 MMHEpPana KobanbTa B Pas/IMUYHbIX OKUCAUTENAX
Hambonee 3PPEKTUBHBIMM OKUCAUTENAMMU (peareHTamm)
asnatoTca NaNO, < HCIO < Ca(OCl), < KMnO,. B stom cnyuae
M3MeHeHMe PacCYUTAHHOro 3HAYeHUsA NPUBEAEHHOro HOBOrO
XMMUYECKOTO0 CPOACTBa (3Heprua paspylleHus KpucTan-
JIMYECKOW pelleTkn muHepanos) A G’/n 3aBMCUT TONbKO OT
npupoabl OKUCAUTENEN.

M3 BbllwecKkaszaHHOro 0cob60 MOXKHO onpesennTb MecTo U
pO/Nb 3HEPrun pPaspyleHUa KPUCTANIMYECKOW peLlleTku
MuHepanos kobanbTa -A G°/n AnA oueHKM Nocnef0BaTeNbHOTO
NPOXOXAEHUA KOHKYPUPYIOLWMX peakuuMii M O pasanymu
peakuMOHHOM CcnoCcOBbHOCTM MWHepanos KobanbTa npu
nepexoge ot CoAs ao CoAs,.

Takum 06pa3om, KpuTepnem BepHOCTU pa3paboTaHHbIX
npUHUUNOB NPOrHO3MpPoOBaHUA nocsefoBaTeNbHOCTU
pacTBOPEHMA BbllEyKa3aHHbIX OKUCAEHHbIX W cynbduaos
meam (Tabauubl 2-3), a TaKKe MMHepanoB KobanbTa (Tabaunubl
4-5), npeAsOXKEeHHbIX Ha OCHOBE MPOrHO3a BbIABAEHHbIX
TEPMOANHAMUYECKUX U  KUHETUYECKMX 3aKOHOMEpPHOCTEeMN,
CNYXUT M B 3TOM C/lyvyae 3KCNepuMeHT. Tak OKas3aniocb, YTO
BEe/IMYMHA paccymMTaHHOro 3HayeHus npusegeHHoro
Xmmmuyeckoro cpoacTsa (A G°/n) 3aKoHOMepHO MeHAeTCA npu
nepexoge oT moaaeputa (CoAs) k capdnoputy (CoAs,)

(tabnunubl 4-5), pna mMHepanosB KobanbTa Kak B cayyae ans
APYrMX KIacCcoB COeAMHEHWId, Hanpumep, OT aTakamuTa K
3/IMTY M OT XaNbKO3MHA K XanbKonuputy (Tabauybl 2-3) [5, 11-
12] aHanorMyHo xody 3aKOHOMEPHOrO M3MEeHeHWa cpegHei
ATOMHOW 3Heprum obpasosaHms.

M3 3TOro MOMKHO 3aK/YUTb, YTO TEPMOAUHAMUYECKHe
XapaKTEPUCTUKM  peaKkuuil  B3aMMOAEWCTBMA  PasANYHbIX
MWHEpPasioB MO OTHOWEHWIO K [AaHHOMY pPacTBOPUTENHO
HaXoAATCA B 3aBUCMMOCTU OT UCXOAHbIX TEPMOAUHAMUYECKMNX
bYHKLMI TBEPAOrO BELLECTBA, B 4aHHOM C/lyYae OT Be/INUYUHbI
cpefHel aToOMHOM 3Heprum obpasoBaHUs MuHepasnos (B
npeaenax CXoAHbix BewecTs). MOCKONbKY mMexay AfGO "
A G°/n (Tabnuupl 2-5) HabntogaeTcA COOTBETCTBME NO aHanormm
¢ pabotamu [5, 11-12], MOXKHO C YyBEPEHHOCTbIO MpeacKasaTtb
nocnenoBaTe/IbHOCTb MPOTEKAHMUA MPOLLECCOB OKUCNTENBHOMO
pacTBOpPEeHUA APYrUX HeU3y4YeHHbIX MUHEepPasoB B pacTBopax
oKkucAuTenei B consHokucnon cpege 6e3 nposeaeHus
SKCMEepPUMEHTa Ha OCHOBaHWM BENNYMH A/.GO .

3. 3aKkno4yeHue

BblfiB/IeHO 3aKOHOMEpPHOE U3MEHEHME cpefHel aTOMHOM
SHeprun obpasoBaHUA M NOCNEA0BATENbHOCTb NPOXOXKAEHUA
KOHKYPMPYIOLWMX MNPOLECCOB OKWUCANTENbHOTO PacTBOPEHUA
MWHepanoB KobanbTta ArG"/n Mo aHanorum c [pyrumu
MWHepanamu. UHbIMKW CAOBaMK, Xoh M3MEHeHWAa cpenHein
ATOMHOW 3Heprun o6pasoBaHMUA U XOA U3MEHEHUA BENUYUH
HOBOrO XMMMWYECKOro CPOACTBA COBMNagatoT. TakMm obpasom,
Ha NpMMepe MUHepanos KobanbTa aBTOPamMM MOATBEPHKAEHA
NPaBOMEPHOCTb  COMOCTAaBUMOCTM  TePMOAMHAMUYECKUX
npoueccoB obpa3oBaHMA W pacTBOpeHuA (OKUC/AeHWA) B
npeaenax o4HOTUMHbBIX PEeaKLUNA.

BbnaropapHocTu

Pabota 6blna BbINOAHEHA 3@ CYeT T[PAHTOBOrO
bUHAHCMPOBAHMA HAyyHbIX MccAegoBaHUit MuHUCTepcTBa
o6pasoBaHMA W Hayku Pecnybavkum KasaxctaH no Teme:
Ne AP05133745 «Pa3paboTka peHTabesibHOM 3KONOTrMYEecKM
YUCTOM TEXHONOTMN COBMECTHOIO M Pa3AebHOMO CENEeKTUBHOMO
n3BeyeHun KobanbTa " HUKenn u3 KobanbT-

HUKe/ibcoaepKallero cbipba KasaxctaHa» (2018-2020 rr.).
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MNonusuHuN cnuprTi

MeH Kpaxman HerisiHgeri
rmapodunbai KocnanapabiH,
*KbINy OKLIaynafbiL
martepuangapabiH, pusmnka-
MeXaHUKaNbIK KacueTTepiHe
acepi
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KaHaTbliH KoHe apmupseywi Kocnanapbl 6ap, CUHTETMKaNbIK KaHe Tabusn
nosMmepnepmeH TYp/eHAIPINreH AMATOMWUT HerisiHAe Kby OKluaynafblll maTepuangap
anviHfFaH. TypneHaipriw nonumepnep peTiHAe NOAMBUMHUA CNUPTI MEH Kpaxman Kocnacbl
KONAaHbINFaH. [lonumepnepaiH, KOHUEHTPAUMAChl MeH KaTblHacblHa 6aiinaHbIiCTbl Kby
OKLLAyNafblll MaTepuanfapablH TbiFbI3[bIfbl, CbIFbINY }KaHe Winy BepiKTiri, CbI3bIKTbl OTbIPbINYbI
JKOHEe XKbly OTKI3riWTiK KoapduumMeHTTEPIHIH NapameTpaepi aHblKTanabl. HKblay oKwaynafbiw
maTepuangapfa noanmepai Kocy matepuangpiH, 6apabik KepceTinreH cunatramanapbiHa OH
9CepiH TUriseTiHAiri aHbIKkTanfaH. Monumepsiep KocnacbiH 1 macc.% AeliH KOCKaHAa, Cbi3bIKTbIK
oTbIpbINybl KO3bduUMeHTTepi 14,5-aaH 4,5% -fa AeliH TomeHAeNnai, Cbifblny BepiKTiriHiH weri
0,22-peH 2,51 MNMa peiiH keTepinegi, niny bepikTiriHiH weri 0,2-aeH 1,26 MMa-fa geniH, Xbiny
OTKI3riwTiKk KoadpdpuumneHtTepi 0,068-peH 0,049 BT/m:K peiiH asasgbl. MaTepuangapabiH
ThIFbI3abifbl 0,592 - 0,491 r/cm® apanblfblHAa KaTbIp. MYMbICTbIH H3TUMKeNepi 6OMbIHIIA afblHFaH
by OKLIayNafbilW maTepuangapabl XblNy SHepreTuka canacbiHaa naactupukatTopnap petiHae
KoNAaHyfa 6onaTbiHbI KepceTinai.

Ty#iiH ce3aep: Kypil Kaybl3bl; AMAaTOMUT; 6a3anbT TaWbIFbl; KPAXMan; NONUBUHWUA CINPTI;
JKbINY OKLUAYNaFbIW MaTepMan; Cbi3bIKTbIK OTbIPbINYbI; BEPIKTIK.

BaunaHue ruapodunbHbIX
No/IMMepoB Ha OCHOBE
NO/IMBUHWUIOBOrO CNMPTA
M Kpaxmana Ha $pu3sunKo-
MeXaHUUYecKue cBoMCTBa
Tenaon30ALUOHHDbIX
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MonyyeHbl TeNnnOU30NALMOHHbIE MaTepuanbl Ha OCHOBE AMAaTOMMUTA C BbIrOPaOWMMU
M apmupylwmMmn aobaBkamu, MoAMPUUMPOBAHHbIE CUHTETUYECKMMM W  MPUPOLHBIMU
nonvmepamu. B KayectBe moaudMUMPYIOWMX  NOSMMEPOB  MCMONb30OBaZIN  CMeECb
NoOJIMBUHWUIOBOTO CNMPTa U Kpaxmania. OnpeaeneHbl napameTpbl IMHEWHOM yCafKu, NIOTHOCTH,
npegenbl MNPOYHOCTEN Ha CXKaTve U M3rub, a TakxKe KoaddMUMEeHT TennonpoBOLHOCTU
maTepuana B 3aBUCUMOCTM OT KOHLEHTPALMMU U COOTHOLIEHWUA NMOAUMEPOB. YCTaHOBNEHO, YTO
[06aBKM NOIMMEPOB OKasblBAlOT MONOXKMUTENbHOE BAUAHME MPAKTUYECKM Ha BCE YKasaHHble
XapaKTEPUCTUKN TEnaou30NALMOHHbIX MmaTepuanos. Tak, npu AobaBAeHUU MNOAMMEPOB A0
1 macc.% KoapduuMeHTbl IMHENHON yCaAKM YMeHbLIAOTCA ¢ NoKasaTtenen B 14,5% po 4,5%,
npezenbl NPOYHOCTEW Ha cxKaTue Bo3pacTatoT oT 0,22 ao 2,51 MMa, npeaenbl NPoYHOCTEN Ha
n3rnb BospactatoT ot 0,2 go 1,26 Mla, Ko3dpdULMEHTbI TENNONPOBOAHOCTU YMEHbLUAKTCA
ot 0,068 oo 0,049 Bt/m-K. Mpn 3aTOM NAOTHOCTM maTepuanosB HaxogAaTca B npegenax 0,592-
0,491 r/cm®. Pe3ynbTaTbl paboTbl NOKa3aau, YTO NOJIyYEHHbIE TEMNOU30NALUOHHbIE MaTeprabl
BO3MOXHO MCNONb30BaTb B KayecTBe NaacTudUKaTopos B 061aCTV TEMNOBOM IHEPTETUKM.

Kniouesble cnosa: pucoBaa wWwenyxa, AUATOMUT; 6a3anbTOBOE BOJIOKHO; Kpaxman;
NoJIMBUHUIOBBIN cnupT; TEI'II'IOVISOnﬂLI,VIOHHbIﬁ maTepunan; NVHelHas yCaaKa; NPOYHOCTb.

Influence of hydrophilic
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polyvinyl alcohol and starch
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Thermal insulating materials based on diatomite with burnable and reinforcing additives
modified with synthetic and natural polymers have been developed. A mixture of polyvinyl
alcohol and starch was used as modifying polymers. The parameters of linear shrinkage, density,
tensile strengths in compression and bending, as well as the coefficient of thermal conductivity
of the material were determined depending on the concentration and ratio of polymers. It was
established that polymer additives had a positive effect on almost all specified characteristics
of thermal insulating materials. For example, when adding polymers up to 1 mass.%, the
linear shrinkage coefficients decrease from 14.5 to 4.5%, the ultimate compression strengths
increase from 0.22 to 2.51 MPa, the ultimate bending strengths increase from 0.2 to 1.26 MPa,
the coefficients of thermal conductivity decrease from 0.068 to 0.049 W/m-K. The densities of
materials are in the range of 0.592-0.491 g/cm?. The results of the work showed that the obtained
heat-insulating materials can be used as plasticizers in the field of thermal energy.

Keywords: rice husk; diatomite; basalt fiber; starch; polyvinyl alcohol; thermal insulation
material; linear shrinkage; strength.
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MonnsmHMA cNUPTIi MeH Kpaxman HerisiHaeri rmapodunbai
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1. Kipicne

CoHfbl Xbingapbl KasakcTaH 3KOHOMMKACbIHbIH, AamMybl
KaCiNOpbIHAAP MEH XaNbIKTbIH, 3/IEKTP KIHE MKblY TYTbIHYbIHbIH,
TYpaKTbl ©cyiHe anbin Keneai. KasakcTaHHbIH 3HEepPreTUKanblK,
pecypctapabl  urepyaeri  MemaeKkeTTiK casacaTtbl  6ap/blk
OHEepPKICINTIK opTanapaa XoHe KYHAENIKTi emipae saHepruaHbl
TMiMAi nalifanaHyfa KoHe UHHOBALMANLIK TEXHONOTUANApAbI
eHrisyre 6afbiTTanfaH [1-2].

Hbinyapl OKWaynayablH, MaKkcaTbl — 6GepinreH Kby
Me/lepiH wekKkTey, Oyn KafpaiFa  KeyekTiniri  »ofapbl
OKLWaynafbll MaTepuangapgbl nNanganaHy apKbiabl KON
KEeTKi3yre 6onagpbl. KebiHece Y OKLayNafbILw
maTepuangapabl MUHepangbl KaHe NoAMMepnai matepuan-
AapaaH anagpl.

KenTereH oklaynafbiw MmaTepuvangaphblH, Herisi — ecki
KambiC neH cabaH, COHAaW-aK MWUHepangbl MakTa 6oabin
Tabblnaapbl. Kasipri yakbITTa »Kblly OKLIAynafbiw maTepuangap
— AMCMNEeNNiK TakTanap, LeMeHT TaKTalllacbl, KeyeKTi 6eToH,
KOOIK LWbIHbI, ra3 TONTbIPbINFAH NACTMACCA, MOMMEP KaHE T.6.
Anaiipa KasakCTaHga MNoAMMEPAIK TOATbIPFbILITAP eHAipin-
MelAi, COHAbIKTAH Kasipri yakbiTTa NOAUCTUPON TOATbIPbIAFAH
Kypbl/ibic 610KTapbl KbiTaaaH umnopTTanaasl [3-4].

BeopraHuKanblk, —~ 3aTTapZaH  Kblly  OKLlaynafbiw
maTepuangap eHaipy ywin acbect, anatomut (A4), nepaut (M)
JKOHE BEPMUKYAUT, LeMEHT, LONOMUT, KPEeMHWUIR KaHe T.6.
KongaHblnaabl [5-7].

[naTtomMnUTTEH »KacanfaH eHiMAaepiHiH canamafbl 350-
450 r/m3, bICTbIKKa Te3imai Kocnanap —500-700 Kr/m3 Kypainabl.
Bbyn eHimaep aaeTTe Kipniw, KabbiKwanap XaHe Kybbip
OKLUay/nay cermeHTTepi TypiHAe acanagbl.

Kypiw Kaybi3bl (KK) — 6yn KypiwTi yHTaKTay NpoLeciHiH,
MaHbI34bl KOHE aybla WapyaLwbiablK KaA4bIKTapbIHbIH, Heri3ri
eHiMi 6osbIn Tabblnagbl. KK canmarbl 60MbiHWA ruapaTTanfaH
amopdTbiK dopmacbiHAa wWamameH 20% KpeMHUiA Kesaecea,.
Onap KyHAbl KPeMHWINIT KOMNO3UTTIK OHIMAEpAi eHAIpY YLWiH
H6rMomaccaHblH, MaHbI3gbl Kesi 6onbin Tabbinagbl [6]. Kypiw
KaybI3bl — KypilW ecipeTiH engepae — KbiTal, YHAicTaH, Pecen,
BbeTHamAa, CoHbIH iwiHae Ka3zakcTaHaafbl 3epTTey TaKblpblbbl
60nbIn TabblNadbl, 6MTKEHI 0N KalTa KannbiHa KeneTiH XaHe
oTe ap3aH KanablK LWKKi3aT.

OMaToMUT HerisiHAe anblHATbIH Kby OKLUAyNafblL
maTepuangapablH,  Herisri - KemMwiniktepi  mMexaHWKanblK
KacueTTepiHiH, Hawap 60ayblHAQ, MaTepuan TancbipbIC
b6epywiHi KaHafaTTaHAbIPMalabl, COHbIMEH KaTap maTepuan
ayblp KaHe CbIHFbIW 60/bIN Keneai [8].

HerisiHae 6eTOH Hemece KypblibiC MaTepuangapbiH
moguburKaumanay KesiHge cyga epuTiH nosMmepnep KenTeH
KongaHbinagbl. Cyaa epuTiH moaumepnepaid Typsepi Ken.
Mbicanbl, 6elMoHAbl OTTEKTI KaHe a3oTTbl MnoAumepaep.
Onapfa MONMITUNEH KJHE NOAMITUNEHUMUHAI KATKbI3yFa
6onaabl. EKiHWi Typi, MoHAblI akpun Tobbl Bap nonnmepnep,
MbICanbl MONIMAKPUA KbILWKbINbI MEeH Nonvakpunamua. Tafbl
6ip cysa epuTiH noanmepaiH, Typi — noamsuHua cnunpti (MBC).
MBC 6eToHpapAabl moanduKkaumanayga Kenten KongaHagbl.
Cyfa epuTiH noaumepnepaiH *Kakcbl KacueTTepiHiH 6ipi,
KeyeKkTi  maTepuangapablH,  (6eToH, KepamuKa  T.C.c)
KabbICyblH apTTbipagbl. OWTKeHI Kocna KypamblHAA CyAblH
MesWepi y3aK yaKkbITKa AeliH cakTanbin, KaTTblpak Kabblicyfa
anbin Kenegi [6].

Kypbiabic maTepuangapablH, MexaHWKanblK KacMeTTepiH
YKAKCapTy MakcaTblHAA, dPTYpAi noaumepnep KongaHazbl.

© 2020 Al-Farabi Kazakh National University
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Monumepnep — arperatrTapabl }Kakcbl 6aNNaHbICTbIPYLLbI KIHE
aaresvAnblK KacMeTTepiH XKaKcapTywbl 60/1bin Tabblnaabl.

[9] skymbIcTbIH, aBTopnapbl  2%-fa penidri  MBC-neH
moandUKaLMANaHFaAH LEeMeHT MNeH MOoJMMepPCi3 LLeMEeHTTIH
KacuMeTTepiH  canbICTbipbin,  3epTTereH. Martepuangbin,
daszaapanblk aygaHaapbl meH 6eTTiH, OyaipAiri onTUKanbIK
MUKPOCKON K3He CKaHep/eywi MUKPOCKOMKA TycipinreH.
HatukeciHoe MBC-neH moaudbuKauuanaHFaH LEMEHTTIH cy
CiHipriwTiri A3aATbIHAbIFbIHA KOPbITbIHAbI aNTKaH.
[10] kymbicTa MBC-neH MoauduUKauMANAHFAH LEMEHTTIH,
anblHFAH MaTepuangap
a3aMaTTbIK KYPbl/bICTa KO/AAHYFa YCbIHbINFAH.

Tmapoodunbai nonvmepnepait b6eToHAAPAbIH,
cynepnaactuduKaTopnapbl peTiHae TUIMAI eKeHiH KenTereH
JKYMbICTapAa AdNenaeHreHiH kepyre 6onagbl ekeH. Anaiiga,
Kasipri yakbITTa oflapAbl KblyOKLaynafblill MaTepuanibliH,
KacueTTepiH  OHTalNaHAbIPY  MaKcaTblHAA  KyprisinreH
3epTTeynep XKeTKinikcis.

Wolverhampton (¥nbi6puTtaHus), on-dapabum atblHAAFbI
Ka3YyY koHe K.CoatbaeB Kas¥TY-ablH Kbil3ameTKkepnaepi
b6ipnece oTbipbin [11], »KymbiCTa 9p TYypJi Maccanbik
KaTblHACTa Cyabl KbIWKbIA OpTaga noamsuHua cnupti (MBC)
MeH Kpaxman (KX) kocnanapbl HerisiHge 6uoblAbIpaiTbIH
yn4ipnep  anfaH, KocnanapablH,  ylnecimginiri - UK-
CNeKTpOoCKONuUA dAicimeH TafalblHAAAbIN, cyda epy,
TepPMUANbIK KaHe bepiKTinik, buobigblpay napameTtpaepiHe
MBC-TblH, MONEKYNanblK MaccacbiHblH, aHe 6acTankbl
Kocnagafbl MOJIWepPiHiH, acepi TafallblHOaNfaH.
[MBC]:[KX] =95:5, 90:10, 80:20 mac.% KaTblHacTapbiHAA
anblHfaH KocnanapmeH Typ/ieHAipinreH onaTomuT
HerisiHAeri »blay OKlaynafbiw maTepuangap (HOM)[12]
KYMbICTA anblHFaH, )KOM-HbIH, GM3UKa-MeXaHUKaNbIK KaHe
bINy OTKI3riwTik napameTpaepiHe NBC-KX KocnanapbiHbIH,
OHTalNbl 9cep eTeTiHAiIr TafalblHAgaNFaH.

YCbIHbINFAH XYMbICTbIH, Heri3ri makcaTtbl, KOA XeTimai
KOMMOHEHT — Kpaxman Kebipek Mmeswepae anblHFaH,
[MBC]:[KX] =70:30, 60:10, 50:50 mac.% KaTblHacTapbiHAAFbI
61ObIAbIPANTBIH  KOCMAaNapMeH TypAeHAipinreH Avatomut
HerisiHAe Kby OKlaynafbilw maTepuangap (MKOM) any kaHe
onapablH,  GU3MKA-MEXaHWMKANbIK  KOHE  KbIIYOTKI3rilTiK
KacueTTepiHe acepiH TaFanbliHAay 60abin Tabblnagbl.

MeXaHUKa/IblK KacuneTtTtep apTbin,

2. TaxKipubenik 6enim
MBC:Kx HerisiHaeri ynpipnepai any ywiH Keneci
maTepuangap Konganoinasl. MoansuHun cnmpti (MBC) — Fluka
Chemie GmbH ¢upmacbimeH eHgipinred (LUsenuapus),
MoNeKynanblk maccanapbl M =145 000 k/a kaHe 72 000 k/a
KOCbIMLLA Ta3anaycbl3.
Hyrepi kpaxmanbl (Kx) — eHgipywi «FlukaChemieGmbH»
(LWBenuapmsa), KOCbIMLLA Ta3apTYCbl3 KONAAHbINAbI.
OnatomunT, 6a3anbTTbl TaNlWbIK K9HE Kypilw Kaybi3bl
HeriziHae [MBC]:[Kx] nonumepimeH Typ/aeHAipinreH Kbiny
OKWaynafblll  MaTepuMangapblH  Kacay  YyWwiH  Keneci
maTepuangap KoagaHblaabl:

Tabusn anatomuT ([) — AKTebe o06nbicbl, MyfFankap

ayAadbl, annakTbl anaHblHaH alblK dA4iCNeH ajiblHFaH,
KOCMasapbl ’KOK, KOCbIMWA Tas3anaHycbl3, YHTaKTasbin
KONAaHbINFaH;

6azanbtTbl  TanwsblK (BT) — HWC «Olimp  Itd»
KOMMaHUACbIMEH eHAipinreH, KOCbIMLIA@  Ta3anaycbl3
KONZaHbINFaH;

Kypiw Kaybidbl (KK) — MXUWC «MpubHaa agonvHa»

KOMNAHWUACBIMEH OHAIPiNTreH, Tasa, KOCbIMLIA Ta3ajaycbis,
YHTaKTanbin KONAAHbIFAH.

blny oKlwaynafbiw MaTepuanfapfa KaxeTTi manga
anatomut (), malhganaHfaH Kypiw Kaybisbl (KK), 6asanst
Tanwblifbl (BT) xkaHe nepaut (M) KaTbiHacTapbl [12] — KymbiCTa
kepcetinreHaen [A:KK:bT:M=70:15:11:4 mac. KaTblHacTa
OanbiHOoanbiHAbl. ANnblHFaH menwepmeH cyabiH 1:1 KaTblHa-
cbiHAA apanacTbipbinbin, MBC:Kx (0-1%) Kocbinabl.

ANblHFAaH MmaTepuangap mybenbai newte 750°C
TemnepaTypaga KenTipingi.

OTbIpbINybIH aHbIKTaY. KOHYC NiWiHAl YATiIHIH OTbIPbINYbIH
aHbIKTAY KyWaipinreHre AeniHri KenemiHeH KyWaipinreHHeH
KewniHri KONEeMHiH, aviblpMaLUbINbIFbIHAH aHbIKTanabl.
LLITaHreHUMPKYAb KONZAHA OTbIPbIN KapTblnak KOHYCTbIH,
BMiKTIri »koHe 6eTi meH TabaHbIHbIH paaunycbl aHbiKTanbin, (1)
dopmyna boMbiHLWA Kenemi ecenteng,:

V=1/3 rth(r 2+r 1 +r)?) (1)

ToIfbI3AbIFbIH aHbIKTay. Kenemi meH maccacbiH aHbIKTal
Kene maTepuangblH TbiFbI34blFbiH 6iny KUbIH emec, (2) bopmyna
60olblHLIA aHbIKTaNAbl:

p=m/V (2)

BepiKTiniriH aHbIKTay: anblHFAaH MaTepuangapablH CblFyfa
6epiKTiNiriH Tekcepy yWiH 0 apHaibl Kenemi 2:2:2 cm 60naTbiH
KanbinTapaa Kacangbl. acanfaH matepuangapibliH, 6epik-
Tiniri  E160 D «Matest» (MTanus) rugpaBavKanbik  npecc
KYPbINFbICBIMEH aHbIKTANAbI.

bINyeTKI3riwTiriH  aHbIKkTay. MblAyeTKI3riWTiK Koapdu-
LMEHTTEPIH aHbIKTAy >XYMbICbl CTALMOHAPAbI XbINy afblHbI
apicimeH WUTC-1 KbINyeTKI3riwTiK enweyiw KypbIAFbICbIHAA
xyprisingi. WUTC-1 Kypbiafbickl, MEMCT 7076-99 calikec,
KYPbIZIbIC ~ OHE  »KbIJIYOKWaynafblW  MaTepuangapabiy,
YKbINYOTKI3TILTIFIH aHbIKTay KOHABIPFbICHI PETiHAE YCbIHbIAFAH.

WbINyeTKI3MWTIK ~ KO3DOUUMEHTIH  aHbIKTay  YLWiH
150x150x20 mm enwemgai yarinepi anbiHAbl. HKblnyeTKi3rilWTiK
aHbIKTAY MNPUHLMNI  Ka3blK KbINYOKLIAYAAFbllL  maTepuan
yArinepi apKbiabl 6TETiH CTaLMOHAP/IbI by afblHbIH TYAbIpYFa
HerizgenreH. by afblHbIHbIH, Y3bIHAbIFbI, YATiHIH, Kapama-
KapcCbl WeKTepiHiH, TemnepaTypanapbl MeH OHbIH, KanblHAbIFbl
6oMblHLWA YATiHIH KblAyeTRIi3riwTiri A Keneci dpopmynameH
aHbIKTaNaAbl:

dq (3)

N=3T
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MyHaafbl, d — YATiHIH KanblHAbIFbI, G — VAT apKbiabl
OTeTiH blNy afblHbIHbIH, TbIfbI3Ablfbl; AT — YATiHiH, Kapama-
KapCbl WeKTepiHiH TemnepaTypanapbiHbiH, albipbIMbl.

[MBCJ:[KX] cuHTe3i [11] KymbicKa CaWKec »Kyprisingi,
HaTuxeciHge [MBC]:[KX]=70:30, 60:10, 50:50 mac.%
KaTblHAaCTapbl asiblHbIN, blly OKLWaynafblll MaTepuanfa
»annbl macca 6oibiHwa 0,25; 0,5; 0,8; 1,0% Kocbingbl.

[A]:[KK]:[BT]:[M] 70:15:11:4 mac.% KaTblHac 6olblHWA
maTepuanibliH, GUsnKa-mexaHuUKablK KacueTTepiH TomeHaeTy
makcatbiHga  [MBC]:[KX] MyHaal
maTepuanaap Xxacay ywiH, anabimeH guatomut 2-3 carat 90°C

nonvmepi  Kocblngbl.
TemnepaTtypaga KenTipriw wkad KemerimeH KenTipingi. byn
KenTipy NpOLECiHiH, M3HI — yCaKTafblll KyPbIAFfbIHbIH, iLUKi
KabblpFanapbliHblH, 6eTTepiHe AMAaTOMUT binFangbl  6ony
cebebiHeH KabblICbIM, KYMbICKa KeZepri KentipmeyiHage. byfaH
koca KK pa yHTakTanagbl ga, ocbl matepuangap KaHe bT
aHaNUTMKaNbIK TapasblAa, CoOMKeC KaTblHAacTa  esileHin,
CbibiMAbINbiFbl  250-500 Mn  60M1aTbiH  bIAbICKA CablHAbI,
onapAbl  ©3apa  apafnacTbipy  YWiH  KOCMaHbIH  Kajanbl
maccacbiMeH KaTblHacbkl 1:1 6onaTbiHAal cy Kocbingbl. Kocna
apanacTbIpFblll apKblabl BipTEKTI maccafa allHanfaHfa AewiH
apanacTbipbiibin,  dopmanaylwbl  blgbICTapFa  CafiblHAbI.
dopmanaywsl biabicTapAaH matepuanabl Tycipin any yuwiH
anabimeH KenTipriw wkadKa canbiHAbl. blcTbiK, Kypfak aya
6epy apKblibl apTbiK Cyabl GynaHAbIPbIN KOMMaXKblH, emec,
JKYMCaK, MNilWiHiH ycTan TypaTblH MaTepuan anblHbif, 0N
3-4 cafaT 750°C TemnepaTypaga mydenbi newre yctanabl.
Mydenbai newrTiH, iwiHaeri Temnepatypa apKblibl maTepuan
Kyhaipinin, KongaHbinFaH KK TOAbIK KaHbIM, KypamblHAafbl
KasfaH Cy MenLlepi Henre TeHeNin, eTe KeHin, Kbi3fblnT-capbl
TYCTi maTepuan anbiHAabl (1-cypeT).

3. HaTuxkenep KaHe onapAbl TanKblnay

Martepuanfa MNBC-KX KocnacblH KOCYy — MaTepuanibiy,
CbI3bIKTbl  OTbIPbIZlybl MEH TbIfbl3AbIFbIHA eadyip acep
eTeTiHAriH  1-KecTegeH kKepyre 6onaabl. Monumepcis
[AL:[KK]:[BTL:[N] maTepuanbiHbiH, Mydenbai newTeH KewniHri
CbI3bIKTbl OTbIpbINybl 14,5%-ab1 KepceTTi. An nonumep Tasa
NMBC — 1 mac.% KocbinFaH Kesge MaTepuaniblH CbI3bIKTbl
oTblpblAyblH 10,5% peitiH, an [MBC]:[KX] — 50:50 noanmepiHiH,
1% KOCKaHAa CbI3bIKTbl OTbIPbINYbIH TOMEHAETKEHIH Kepyre

1-cyper — [A]:[KK]:[BT]:[M] HeriziHae anbiHFaH Kbiny
OKLUaynafblll MaTepuanblH CbIpTKbl KEPiHicCi

6onaabl. An matepmansa [MBC]:[KX] —50:50 — 1% KocbinfaH
Ke3ge TbIfbI3Ablfbl apTKaHbIMeH, MemnekeTTiK CTaHA4apTKa
CoMKec apanblKTa KaTblp. MemieKkeTTiK cTaHZapT HoMbiHLWA
TbifbI3ablfbl 0,8-1 r/cm® Kofapbl 60/1may Kepek.

1-kectegeri manimettepre Kapan oTbipbin, [A]:[KK]:
[BT]:[M] Heri3iHae anblHFAH Kby OKLWayAafbil MaTepuan-
OAPAbIH, TbIFbI3AbIFbl MEH CbI3bIKTbl OTbIPbINYbIHA NOAUMEPAiH,
acepi bap eKkeHiH kepyre 60naabl. OUTKEHI KOCbIIFaH NoAnMepAi
Kocna yAagip Ty3y Kabinetke ue 6onFaHAbIKTaH, »Kblay
OKLUaynafblW MaTepuangbld, MUKPOKYPbINbIMbIHbIH, 6EpiKTiriH
YKOHE ¥OoFapbl TUIMAINIFIH apTTbipaapl.

MogandukaumanaHFaH matepuangblt, 6epikTiriH Tekcepy,
MaHbI34bl Wamanapabiy, 6ipi. Cebebi KypblabiMbl e3repreH
maTepuanablH,  MEXaHWKaNblK KacueTTepiHae e3repictep
b6alikanagbl. YArinep4iH  Cbifbly KOHe Wiy 6epiKTiriHiK,
HaTUXKenepi 2, 3-cypeTTepae KepceTinreH.

2-cypeTTe NoSIMMEPCI3 Kbly OKLUAYNaFblLlL MaTepuanablH,
cbifblnly  6epikTiri 0,22 MMa  6onaTblH  6osca, noaumep
KOCbINIFAHHAH KeliH, Ta3a MNBC 0,56 MMMa aeiiH faHa e3repai, an
eH, *kofapbl 6epikTinikTi [MBC]:[KX]=50:50 mac.% KaTbiHacTa
2,51 MMa peliH apTKaHAbIFbIH Kepemi3. COoHbIMeH KaTtap
annol macca 60MbIHWA NOAMMEpP Maccacbl ©CKEH CaWblHAA
CbIfblNy B6epiKTiri }KoFapblnaniabl.

1-kecte — Op TypAai KaTblHacTa anbiHFaH [MBC]:[KX] KocnacbiHblH, MaTepuanabliH, CbI3blKTbl OTbIPbIAYbl MEH TbIfbI3Abl-
FblHa acepi
Monnmep MNBC-[100] [MBC]:[KX] -70:30 [MBC]:[KX]-60:40 [MBC]:[KX]-50:50
menwepi, % p, r/cm® AL, % p, r/cm® AL, % p, r/cm? AL, % p, r/cm? AL, %
0 0,491 14,5 0,491 14,5 0,491 14,5 0,491 14,5
0,25 0,488 13,7 0,508 8,7 0,514 8,3 0,523 8,4
0,5 0,476 12,9 0,519 7,9 0,534 7,9 0,541 6,5
0,8 0,453 11,3 0,536 6,6 0,542 6,2 0,572 5,4
1,0 0,451 10,5 0,549 5,2 0,576 4,8 0,592 4,5
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2-cypert — [Monnmepnep MenlepiHiH *Xbly OKLWaynafbiLw
MaTepuanablH CbifblNy 6epikTiriHe acepi

Monvmepcia Kblay OKLWaynafbil MaTepuanabiH, uiny
6epikTiri 0,2 MMa 6onaTblH 60aca, NOAMMEP KOCbIIFAHHAH
KeWiH, Taza MNBC 0,31 MMa aeliiH faHa e3repai, an eH, *Kofapbl
niny 6epikTinikti [MBC]:[KX] =50:50 mac.% 1,26 MMNa peWiH
apTKaHAbIFbIH CoHbIMEH KaTap »annbl Macca
60libIHWA NOAMMEP MaAcCacbl ©CKEH CaliblH Cblfblay BepiKTiri
Cebebi, [15] 3epTTey IKYMbICbIHAQ NOAMMEPAiH,
MesiepiH KebelTin LemeHTKe KOCKaH caibliH, MaTepuangarbl

Kepemis.
apTaapl.

6alinaHbICTapAblH, CaHblH apTTbipaTbiHbIH aWTaabl. KaHe Aae
PeosorMANbIK KacueTTepiH »KaKcapTbin, KocnanapaplH 6ip-
bipimeH y#necimai  apanacybl KakcapaTbiHbIH 6onKafaH.
OTKeHI KocnanapablH, PeosornAbIK KacueTTepi XaKkcapfaH
caviblH, aya KabaTTapblHbIH, CaHblH a3akTaabl. Aya KabaTTapbl
asaica maTepuanablH, MexaHuKanblK 6epikTiri aptagbl [15].

Byn HaTuxKenepre Kapan MOAMMEP KOCbIAFaH Kblay
OKLaynafbiW MaTepuangapAablH, 6epikTifiriH apTTbipaTbIHbIH
Kepyre 6onagbl.

by OKWwaynafbll — maTepuan YWiH eH MaHbI3abl
LWAPTTapbIHbIH, 6ipi XblNY OTKI3rWTIK KOIGDOULMEHTIH aHbIKTaY.

MNonumepcis anbiHFad [A):[KK]:[BT]:[N] — 70:15:11:4 (%)
Heri3iHAeri }Kblay OKLaynafbiw MaTepuanbiH KblNyeTKI3riLWTiri
0,068 B1/(m-K) TeH,

Ocbl  maTepuanibiH,
4-cypeTTe KepceTiNreH.

CypeTtTeH Tasa [BC-Tbi }OM maTepuanfa KOCKaHAa
KaTTbl e3repmegi, an
[MBC]:[KX] KocnacbiHA@ KpaxmanablH, Nanbi3gblK yaeci 6CKeH
CalbIH XbINYOTKI3rIWTIr )akcapaTblHAbIFbIH Kepemis. Cebebi,

KbINYOTKI3MWTIriHiH, - e3repyi

PKbINYOTKI3MWTIKTIH  e3repici aca

KOCbIIFAH MOAMMEpPAi Kocna yagip Ty3iny Kabinetke wue
6onFaHAbIKTaH, KblNy OKLUaynafbiw MaTepuanabliH,
MUKPOKYPbI/IbIMbIHbIH, BEPIKTIriH »KaHe »ofapbl TUIMAINITIH
apTTblpagbl. AFHKW, yNAip TY3riWTiK KacuMeTiHiH, apKacbiHAa
rmapaTTanfaH KocrmanapbiMbi3 YALIPMEH TONbIKTal Hemece
KapTblnam HaTtueciHae MmaTepuangapabiH,
rMApaTaumManaHybl TONbIKTAW HEMece YaKbITa TOKTaTblaybl

KanTtanagbl.
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3-cypet — [Noanmepnep meaLepiHiH Xblay OKLIaynafbliLw
MmaTepuanabliH niny 6epikTiriHe acepi

MYMKiH. OWTKeHi maTepuan ruapataumara ywbipafaH Kesge,
6aiinaHbICTap ysinin, matepuaniblH, OTbIPbINYbIH Te3aeTea.
Byn ypgic HaTuKeciHAe NOAMMEP MEH Kblly OKLUaynafblll
matepuan Kocnanapsl apacbliHAafbI MUWKPOKYPbINbIM
HaHoenwemai Typae 6onaapl [13-14]. CoHAabIKTaH ocCbiHAAM
KyOblibICTap MaTepuangblH CbI3bIKTbl OTbIPblAyblHA KaHe
KbINYOTKI3riWTIriHe OH 9cep eTesi. EH XKOFapbl XKblNyoTKI3riWTIK
koadodumumenTi 0,049 Bt/(m-K)  [MBC]:[KX]=50:50 mac.%
aHbIKTaNAbI.

ByfaH AeniHri sKymbicTafbl [12] Kblay OKLUAynafblL
maTepuan HaTuxKenepae  KblINYeTKI3riWTiK KosdPuumeHTi
0,08-0,048 BT/ (m-K) apanbifblHAa »KaTTbl. MKbIAyeTKI3rilTIK
KO3 OUUMEHTI OCbl KYMbICTafbl KpaxmanablH, Menwepi
Kebipek maTepuanmeH bipaei 6onfaHbIMeH,
aNblHFaH MaTepuaniblH MexaHUKaNblK 6epiKTiri }ofapbl KaHe
CbI3bIKTbl OTbIpbINYbI 1,5-2 ecere geiiH TomeHaesi.

KOCbl/IfaH
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[MBCJ:[KX], mac. % = 50:50 (1); 60:10 (2); 70:30 (3); MBC (4)

4-cypet — Monumepnepain, menwepiHid, KOM-gblH
KbIYOTKI3riWTiriHe acepi
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4. KopbITbIHAbI

ANbIHFaH Kby OKLaynafbil MaTepuangblH, Herisri
dur3nKa-mexaHuKanblK cmnattamanapbl MemCT TananTapbiHa
caW: CbI3bIKTbl OTbIPbINYbI 1% }OFapbl emec; TbiFbi3ablFbl 0,04-
0,5r/cm3,  cbifyFa 6epikTiniri 1,0 MMa-gaH TemeH emec;
KblnyeTKisriwTiri 0,04-0,14 BT/(m-K) apacbiHga *aTblp. 3epTTey

[MBC]:[KX] = 50:50 mac.% Hbiny  okwaynafbiw
maTepuangblH, Cbi3blKTbl OTbIpyblH 14,5%-pnaH 4,5% peitin,

6onabl.

TbIfbI3AbIFbl, CbIFbINY KOHE Minyre GEpiKTiNiK KepceTKiwTepiH
AN KpaxmangblH MeJWepiHiH, ecyimeH Xblay
OKLUaynafblll MaTepuangblH, Kby OTKI3riWTiK Ko3dPuumeHTi

apTTbipabl.

0,049 B1/(M-K) peiiH TemeHaeai. Mofapblgafbl HaTuxenep
6OMbIHWA aNblHFAH XblNy OKLAyAafbiW MaTepuanibl »Kbiay

HaTMKenepi 6OMbIHWA, Kby OKLWaynafbiW  maTepuanfsa
nonvmepnaepaiH, iWiHaeri eH, XakCbl HITUXKe KepCeTKeH

3HepreTUKa canacbliHAa nnactudukaTop peTiHAe KOoNAaHyfa
H6onaTblHbI KEpCeTiNAi.
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B paboTte npeactaBneHbl HEKOTOpble pPeKOMeHAALUU UM COoBETbl NO MNOAFOTOBKEe CTaTen
No XMMUU B MEXAYyHAapOAHble KypHanbl, HAEKcMpyemble B 6a3ax gaHHbIX Scopus u Web of
Science. MpuBeaeHbl COBETbI N0 BbIBOPY KypHana gna nybamMKaumum, a TakKe KpaTKo o6cyKaeHbl
MMMaKT-GaKToOPbl M APYrMe TUMbl KNacCUPUKALMIA PA3AINUHBIX XMMUYECKMX KYPHANoB 1 busHec-
MoAENU, UCNoNb3yemble Npu Ux Nybankaumm. KpaTko paccmoTpeHbl HEKOTOpble U3AaTeNbCTBa,
cneuvanusvpylolmecs Ha nybamMkaumm ctateit No xumuu. aHbl peKomeHaaumMm no nogroToBke
KaK,0ro U3 pasaenos cTatbi, 0pOpMAEHUIO UANOCTPALMIA, @ TaKXKe NO NOAFOTOBKE ALOKYMEHTOB,
HeobxoaMMbIX Npu OTnpaBke B pegakuuio. O6CyXKAeHbl NoAXoAbl, MCNO/Ab3yemble npu
MUCNPaBAEHUM MAHYCKPUNTa B OTBET Ha 3amevaHus peleH3eHToB. [laHHaA paboTa noarotosieHa
Ha ocHoBe yyebHoro Kypca «How to write a paper», yuTaemoro aBTOpom B YHuBepcuteTe
PepuHra (Bennko6puTaHus) Ha NPOTAKEHUU MHOTUX 1eT 419 aCNUMPAHTOB eCTeCTBEHHO-HAYYHbIX
OUCLUMNAMH, @ TaKXKe KypcoB NPOBEeAEHHbIX B PAa3/IMYHbIX Hay4YHbIX OpraHusaumnax KasaxcTaHa,
Kutas, Poccun 1 ICTOHUMU. DTOT KYPC OCHOBAH Ha CO6CTBEHHOM OMbITe aBTOPA, NOYYEHHOM NpU
ny6avKaumm cebiwe 150 cTaTei B pa3IMYHbIX BbICOKOPENTUHTOBBIX }KYPHanax, peLeH3npoBaHmumn
MHOTOUYMCIEHHbIX MaHYCKPUNTOB, a TakXe paboTbl pesakKTOPOM HEKOTOPbIX XUMWUYECKUX
YKYPHaANoB.

Kniouesble cnosa: ctaTbA; XKypHan; MMI'IaKT-d)aKTOp; UNTUPYEMOCTb; XMMUA.
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ymbicTa Scopus kaHe Web of Science pepekTtep 6asanapblHaa MHAEKCTENETiH
XanblKapanblK }KypHanLapFa XMMUA FblbiMbl 6OVbIHLLA MaKananapabl 4aspaay yLWiH yCbiHbIMAAp
MeH KeHecTep bepinreH. MaKanaHbl Kapuanay YWiH KYpHanAbl TaHAAYy KeHiHAe KeHecTep
YCbIHbIZIFAH, COHbIMEH KaTap oNapAbl }Kapuanay KesiHae nainganaHoinatelH 6usHec-moaensaep
KOHE 3p TYpAi XMMUANBIK KYpHanAapablH, MMNaKT-GpakTopaapbl KbiCKalla TanKblNaHFaH.
XUMUA FbiNbiMbl BOMbIHWA MaKkananapapl *Kapusanayfa mamaHLaHAbIpblAFaH Keibip 6acnanap
KbICKalla KapacTblpblnfaH. MakanaHblH, ap 6enimiH fdaibliHAay KaHe wanocTpauuanapabl
pacimpey, coHpali-ak pegakuumara Kibepy KesiHAae KarKeTTi KyKaTTapabl a3ipney 6oWbliHLWa
KeHecTep YCbiHbINFAaH. PeLeH3eHTTepAiH ecKepTynepiHe ayan peTiHAe MAHYCKpPUNTTI Ty3eTy
YWiH naiganaHblnatbiH TaCiNAep TajKblNaHFaH. YCbIHbIIFAH KYMbIC aBTOPAbIH, KenTereH
*Kblngap 6oibl PeguHr YHusepcuTeTiHAe (¥AbIOPUTaAHMA) KapaTblablCTaHY-FblAbIMU NaHAEPI
acnNUpaHTTapbliHA OKUTbIH «How to write a paper» oKy KypcCbiHbIH, COHAan-aK KasakcTaH, Pecei,
KbITai }kaHe DCTOHMA MeMneKeTTepiHAEri TYPAi FbINbIMU YIbIMAAPbIHAA XKYPTi3iNreH KypcTapabiH,
HerisiHae AalblHAanfFaH. byn Kypc aBToOpAbIH 9p TYpPAi XKOFapbl PeATUHITI XKypHanaapaa 150-
AEeH acTaM MaKananapfbl Kapuanay, KentereH MaHYyCKpUNTTepAi peueHsuanay, coHaan-ak
Kenbip XUMMUANBIK KypHangapha pefakTop KbI3MeTiH aTKapfaH KesiHAe anblHFaH ©3iHAiK
TaxipubenepiHe HerizgenreH.

TyiiiH ce3pep: Makana; }KypHan; UMNakT-pakTop; AdMeKCo3ainiK; xumms.
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Some recommendations presented on the preparation of chemistry papers for publication
in peer-reviewed journals, indexed in Scopus and Web of Science. Some advice given on
the selection of a journal for publication. Impact factors and other types of classifications for
different chemistry journals and publication business models by publishers briefly discussed.
Some publishers specialising on publication of chemistry papers considered. Recommendations
given on the preparation of each section in a manuscript, quality of illustrations as well as the
documents necessary for submission of these to the journal. Some approaches used to revise
the manuscript and to deal with reviewer comments also briefly discussed. This work is prepared
based on the course “How to write a paper” delivered by the author at the University of Reading
(United Kingdom) for a number of years for post-graduate students from physical natural sciences
as well as the courses delivered in some institutions of China, Estonia, Kazakhstan and Russia.
The course is based on author’s own experience in publishing over 150 papers in different peer-
reviewed journals, refereeing numerous manuscripts as well as his work as an editor for some
journals.
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1. BBegeHue

Haquble npasunao, AO0XKHbI
3aBeplaTbCca ny6nm<au,me17| AaHHbIX, YTO AaeT BO3MOXHOCTb

nccnenosaHuA, KaK

03HAaKOMMUTb Hay4YHY0 06LLECTBEHHOCTb C HOBbIMU 3HAHUAMM,
No/syYeHHbIMW B pe3ynbTaTe npoBeAeHHON paboTbl. B
HacToslLee Bpema OCHOBHOM dopmolt nybankaumm aastoTca
Hay4Hble CTaTbW B CNELMann3MPOBaHHbIX }KypHanax. Mpu atom
Haubo/blYyI0O  LEHHOCTb  MNPeACTaBAAOT
peLeH3npyembix }KypHanax (peer reviewed journals), B KOTOpbIX
pyKkonucu nyBAMKylOTCA AWWb Nocie TOoro, Kak
KPUTUYECKM paccMOTpeHbl U 0A06peHbl pefakTopom U
HEeCKONIbKMMM HEe3aBUCMMbIMKU 3KCMepTamu (peLeH3eHTamu).

CTaTbu B

6b1an

Takue ny6avKaL MK BbI3biBalOT Hanbobluee OBEPUE Y YUEHbIX.

HayuHasa Kapbepa uccnefoBaTeneil HanpsamMyl 3aBUCKUT
OT KO/IMYecTBa M KayecTBa ONyb/AMKOBaHHbIX CTaTel, a TakkKe
OT MX Moc/ieayioleil UUTUPYEMOCTU APYTMMKU aBTOPaAMMU.
CywecTByloT onpegeneHHble TpeboBaHuA Mo
ony6/IMKOBaHHbIX HayuyHbIX TPyAoOB, nNpeabaBisemble K
uccnenoBaTeNsiM NPU NONYYEHUMN yUeHbIX CTeNeHel 1 3BaHu,

Hann4yunwo

a TaKKe Npu NPoABUKEHUW NO KAPbEPHOM NECTHULLE B HAYYHbIX
YUpENKAEHUAX U BbICLIMX y4eOHbIX 3aBeAeHNAX.

ABTOp OQHHOW CTaTbM MMeeT AO0CTAaTOYHO OBLWMPHbIN
onbIT NYBANKALUM OPUTUHANBHBIX HAY4YHbIX PaboT n 0630poB B
XMMUYECKUX KYpHanax, nybankyemblx B paae MPecTUNKHbIX
M3[aTenbCcTB, TakMx Kak: American Chemical Society, Royal
Society of Chemistry, Elsevier, John Wiley & Sons, Springer,
MDPI n pgpyrmx ¢ 1999
penaKkUMOHHbIX KOI/IeTUiA HEeCKONbKMX BbICOKOPENTUHIOBbIX

roga. OH ABNseTcA uY/JeHOM
JKYPHANOB, a TaKKe peryaapHo peueH3nMpyeT MaHyCKpUNTbl B
6onee yem B 40 KypHanax, Bkatoyaa Nature, Nature Materials
N apyrux. Ha npoTsaXKeHUM MHOrMX NeT aBTOPOM NPOBOAUTCA
yuebHbIli Kypc No noAroToBKke u nybavkauumn ctateir “How to

write a paper” B YHuBepcuteTe PeguHra (BennkobputaHmsa).
DTOT KypC TaK)Ke 4MTaNcA B HEKOTOpbIX YHUBepcUTeTax W
Hayu4HbIx opraHu3saunax KasaxcrtaHa, Knutasa, Poccmn n 3ctoHmum.
Llenbto faHHOM CTaTbW ABAANOCH KPAaTKOe 03HAKOMAEeHMe
ynTaTenen, OCOBEHHO HauyMHalWMX Uccnegosatenen, c
0COBEHHOCTAMM MOATOTOBKM CTaTell B  MeXAYyHapoaHble
peLeH3npyemble BbICOKOPENTUHIOBbIE KYyPHaNbI.

2. 13bIK Nny6anKauun

AHIMICKUIA  A3bIK B HacToAlee Bpema
06LLENPUHATLIM A3IKOM HayKM. AHaNM3 HayYHbIX Ny6aAnKaLuit
B 6ase gaHHbIx Web of Knowledge nokasbiaeT, uto cBbiwe 95%
BCEX Hay4HbIX WCCAeA0BaHWIA MO XUMUKM OMyBAMKOBAHbI
MMEHHO Ha aHrAuickom asbike (Tabauua 1). Ucnonb3osaHue
QHMIMIACKOTO A3blKa NpY Ny6AMKauMM Hay4HbIX Pe3ynbTaTos
nossonsetr A0CTMYb Haubosiblieil pacnpoCTpaHEeHHOCTH
3HaHWW UM cnocobcTByeT 6onee BbLICOKOW LUTUMPYEMOCTH
paboTbl A4PYrMMM YUYeHbIMU. B TO e Bpems, UCMOoNb30BaHUE
APYrYX A3bIKOB NpKY Ny6AMKaALMU HayuHbIX paboT, Kak Npasuo,
NPUBOAWUT K WX MEHbLUEeMy PacrnpoCTPaHEHUIO B MuUpe W

COOTBETCTBEHHO K ropasao 6onee HU3KOMY  YPOBHIO

ABNAETCA

UNTUPOBAHUA.

Kak npasuno, cpeamn MCCJ'Ie,Cl,OBaTeJ'Iel‘;I, He ABNALWUNXCA
HOCUTEeNAMMU A3blKa, 6bITyeT 336nym,a,eHme O TOM, 4YTO TO/ZIbKO
TOT, ANA KOro AHTMUCKUI saBnaeTca POAHbIM, MOXET HanncaTb
CTaTblO MNOHATHbIM W TPAMOTHbIM A3bIKOM. CornacHo onbITy
aBTOpPa AaHHOﬁ CTaTbW B pyKoBoACTBE 601bLUIMM KOSIMYECTBOM
Ha4YMHaLWKnX MCCﬂeAOBaTeﬂeVI — 3TO AafneKko He TaK. Yacto
CNly4aeTcA, 4TO HOoCUTenb QAHIIMICKOTO A3bIKa MOXKET HanmcaTb
cTatbto  Anbo 6e3rpaMOTHO, nmbo  ouveHb HEMNOHATHbIM,
HenocnenosaTe/ibHbIM U CNOXKHbIM o6paaoM. TaKyto pyKonucb
6yp,eT O4YeHb CNOXHO UCNpPaBuUTb U bbiBaeT TaK, 4YTO ee fnerye
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nepenucatb 3aHOBO, Yem UCMpaBaaTb. CTaTba AO/KHA ObITb
HanucaHa TakKUM A3bIKOM U CTUJIEM, KOTOPbIM 6bl MOTIN NOHATH
MHOCTpaHHble paboTatowme B [aHHOM
061aCcTN HayKM.

Ecnu Bbl BNasieeTe aHIIMACKUM B [OCTaTOYHON cTeneHun

y4yeHble,

[N HAaNMCAHWA Hay4YHbIX CTaTel, To cTapaiTech Cpasy roToBUTb
pYKOMWUCb Ha 3TOM A3blKe. BapuaHT HanucaHus pykonuen
CHayana Ha POAHOM A3blKe, C NOCAeAyOWMM NepesBoaoM Ha
AHIINIACKUIA, He BCcerga NPMBOAMUT K HAaUyYLWeMy pe3ynbTary.
Ecnu e Heob6XxoAMMOCTb NepeBoAa NPocTo HensbekHa, To HU
B KOEM Cc/ay4ae He Mo/b3ylTecb Yyc/ayramuv OH-iaiiH
nepesoguvKkoB Bcaenyi. OyeHb 4YacTo KayecTBO TaKoro
nepesosa 6biBaeT npocTto  Henpuemsaemo. Ecau Bl
obpalLaeTech 3a NOMOLLbIO B NepeBoAe K NpodeccroHaibHbIM
nepesoguvkam, To oba3aTenbHO ybeauTechb, YTO OHU yMeloT
nepeBoAWUTb TEKCTbI Mpu nepesoge
Hay4HbIX TEKCTOB HYXXHO MOMHWTbH O TOM, YTO CaMOe BaKHOe

MMEHHO NO XUMUN.

3TO NepeAaTb CMbIC/ CKa3aHHOro, NPM 3TOM MOXHO OMycKaTb
WM BUAOU3IMEHATb  HeKoTopble  TpyAHOMepeBoAMMble
060pOTHI.

Tabnuua 1 — AHanu3 KosmyecTBa ony6ANMKOBAHHbIX HAYYHbIX
paboT No XMMMM B 3aBUCUMOCTH OT A3bIKA HaNUcaHuA. [JaHHble
B3ATbl U3 6a3bl Web of Knowledge ¢ nomouibto noucka no
KNtoueBbIM caoBam “chemistry” n “chemical”

A3bIK Ny6AnKaLmm KonunyecTso nybaunkaumi

Bce A3bIkK 2316364
AHMAUACKNIA 2226575
HemeuKkuni 18112
Kutarckuit 16334
Pycckuii 14226
DdpaHLy3cKui 8707

3. Bbibop KypHana ana ny6amkauum

MpaBuAbHbIM  BbIGOP KypHana Ana  nybauKauum
npeacTtasnser coboii AOBOAbHO HEMPOCTyl 3ajadvy, MHoraa
[axe U ANA ONbITHbIX UCCAef0BaTeNei, 3a NNe4Yammn KOTopbIX
eCcTb y)Xe MHOro ny6aukauuii. OYeHb 4YacTO Aaxke XOpoLo
NOArOTOB/IEHHbIA  MaHYCKPWNT, coobWaloWwmii  HoBble U
MHTEpecHble Hay4Hble pe3ynbTaTbl, MOXeT ObiTb OTK/JOHEH
pefakTopom OT Ny6AuKauuM M3-3a He COBCeM MpPaBU/IbHOTO
Bbl6Opa KypHana aBTOpamu. ITOT HEenpaBW/bHbIN BbIGOP
MOXeT 6bITb 06ycnosneH AMBO CAWILIKOM 3aBbllEeHHbIMU
ambuLMAMM aBTOPOB (YTO YACTO XapaKTEPHO ANA OMbITHbIX
uccneposateneil) M HECOOTBETCTBMEM  MAaHyCKpunTa U
pe3ynbTaToB paboTbl YPOBHIO U NPECTUKY HAYYHOrO U3AaHus,
nmbo HenpaBUAbHOMY ONpeaeneHNo TEMATUKM XKypHana.

OpHOM M3 CUCTEM OLEHKM CTENeHU MpPecTURHOCTU

Hay4HOro KypHana BbICTYyNakOT BE€/IMYUHDbI MMNaKT-

dakTopos (UP), KoTOpble paccyMTbIBAOTCA NO Caeaytouen
dopmyne:

Nd = 0L,/ KC,

rae OYL, — oblee 4Mcno LUMTUPOBAHWUIA B NyBAMKaumax
[QHHOTO rofa Ha cTaTbM, BbilleAllre B XKypHae 3a nocaegHue
KC - onyb6AMKOBaHHbIX
YKYPHa/ioMm 3a 3Tu ABa roaa.

ABa rofaa, KO/MYecTBO cTaTeM,

3HaueHUA UMNAKT-GAKTOPOB }KYPHAIOB NOACUUTHIBAOTCA
n nybaukytotca exerogHo komnaHuen Clarivate Analytics
(paHee — Intellectual Property and Science division of Thomson
Reuters nnu Institute of Scientific Information). 3Tu 3HaueHua ¢
KaXXAblM roflom NpeTeprnesaroT onpefeneHHble U3MeHeHus,
npu 3TOM Bo3pacTatolime 3HavyeHusa U yKasbiBaloT o pocTte
NPeCcTUKHOCTM KypHana. CnegyeT OTMETUTb, YTO AaNeKo He
BCE HayuHble YpHanbl BKAOYeHbl B 6a3y AaHHbix Web of
Knowledge w#  cooTBeTcTBEHHO oduumanbHo-
NpU3HaHHble 3HayeHus No.

MomMmrMo KnaccdULUKM 3KYPHANIOB MO 3HAYEHUAM UMMAKT-
baKTopoB, CyWecTByOT U Apyrve NoAXoAbl ANA OLEHKU WX
KauectBa [1]. Hanpumep, B nocnegHue roApl nosayuuna
pacnpocTpaHeHue  anbTepHaTMBHAA  CUCTEMA  OLLEHKM
KYpHanoB — Tak HasbiBaembili SClmago Journal Rank SJR

nmerT

indicator. Take Kak M wumnakT-paktop, SJR onpegenset
cTeneHb BAMAHMA (impact) M npecTuk KypHana. OH
paccumMTbiBaeTCA C y4eTOM CpeAHero 4Yucaa UUTUPOBaHWMA
CTaTei, BblleAWMX B KypHane B AaHHOM roay, paboTtamuy,
ony6/MKOBaHHbIMW 3a nocsiegHue Tpu roga. MNpu stom B
paccyeTax yuuTbiBaeTcA (npecTu)
KYPHasIoB, OTKYAA 3TU LUTUPOBAHUA BblIM MONYYEHbI.

OTHOCUTE/IbHbIM  Bec

Pe3ynbTaTbl PaHMKMPOBAHMUA KYPHAN0OB, Nyb6ANKYEMbIX B
onpeaeneHHon Hay4yHol obnactu, no ybbiBaHUIO AMBO NO
3HaYeHMAM uMnakT-dpakTopos (no 6ase Web of Science), nimbo
no senumunHam SJR (SCIMago Journal Rank) npuBoasT K
NOAB/IEHUIO eLLe OAHOM BaXKHOW KNacCMbUKALUN — KBAPTUNEN.
KBapTuab — 3TO KaTeropus, paccynTbiBaemasn nytTem AeneHus
NPOPaHKXMPOBAHHOIO CNMNCKA XKYPHANOB Ha 4 paBHbIX YacTu, B
pe3ynbTaTe Yero KaxKAblM }KypHan nonagaeT B OANH U3 YeTblpex
kBapTuieint: Q1, Q2, Q3 u Q4 (oT camoro BbICOKOrO U
npectTuxHoro Q1 g0 Camoro HU3KOro U HAMMeHee YBaXKaeMoro
Q4). Knaccudukauma no KBapTMAAM MO3BOAAET OLEHUTb
KQuYecTBO KYPHaANOB HE3aBUCMMO OT NpeamMeTHOW obnacTw.
Mpuyem, B cayvyae MyabTUAUCLUNNNHAPHDBIX }KYPHANO0B OAHO U
TO e MW3[aHMe MOXKeT nonafjaTb B pasHble KBapTUAuW B
3aBMCMMOCTM OT NOAPA3AEN0B HAyKWU. 3HAYEeHUA WMMNAKT-
¢dakTopoB u SIR, C COTBETCTBYIOLWMMMN KBAPTUASMMU KYPHANOB,
MOKHO OTcnexmBaTb B 6asax Web of Science n SCIMago [1].

HasepHo ntobon 6onee wuanm meHee ambULMO3HbLIN
y4eHbli HACKONbKO  NPECTUXHbIMM
nyb6ankaumm B KypHanax Tmuna Science unamn Nature. 3HauyeHus

3HaeT, ABNAKOTCA
MMHaKT-d)aKTOpOB TakKMUX XKYpHanos 06bI4HO cOCTaBAAT
BeanyunHbl Bbiwe 20. Mpu 3TOM, BO3HMKaeT eCcTeCTBEHHbI
BOMNPOC, HACKO/IbKO 3TO CNOXKHO U peasibHO nu 0I'Iy6/1VIKOBaTb
CBOKO CTaTbk B I'lO,CI|O6HOM ypHane. Kak npasuio, Takue
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KypHanbl ny6anKyloT paboTbl, KOTOpble XapaKTepusyoTcs
BbICOKOM CTeneHbld HOBU3HbI M MOryT 6biTb WMHTEPECHDI
WMPOKOMY Kpyry ChneuuanucToB M3 pasauyHbix obnacrtei
3HaHUWI, HaNpPKUMep, HE TONbKO XMMUK, HO U Bruonoruu, Grusnkm
u 1.4. Ecam paboTa He npeacTasnifeT coboi KpynHoe HayyHoe
cnocobHoe 6yKBanbHO MNepeBepHYTb CUCTEMY
MMPOBO3PEHUIN B HECKOJIbKUX 06/1acTAX, TO BPAL AW TaKyto
CTaTbio MOXKHO 6yaeT ony6ANKOBATb B 3TUX XKypHanax.

Ons nybnankaumm paboTt B 06/1acTM XMMKUKU Cyl,ecTByeT
OrpomMHoe pa3Hoobpasue KypHanos, KoTopble 6yayT
OT/IMYATbCA PA3NIMYHON CTEMeHblo CneuMannsaummn, a Takke
BE/NMYMHAMM  MMMAKT-GaKTopoB. Hanpumep, oaHvMKM U3
Hanbonee NPECTUNKHbIX XUMMUYECKUX KYPHANOB ABAAOTCA
Nature Chemistry (M®=23,193 8 2018), Journal of the American
Chemical Society (M®=14,695 8 2018) n Angewandte Chemie-
International Edition (M®=12,257 B 2018). 3Tu KypHanbl, KaK
npasuno, nyb6AuKylT Havbonee 3HauMMble pe3yabTaThl
XUMUYECKUX WCCNEA0BaHUIN, XapaKTepusylowmecs BbICOKOM
CTENEeHbl0 HOBW3HbI, @ TaKXe TWATENbHOCTbIO NpoBeAeHMUA
9KCMEPUMEHTOB U BbICOKOKAYeCTBEHHOW  MOAroTOBKOWM
pykonucei.  CyuiecTsytoT MHOXKecTBo  6osee
y3KOCNeLunanm3npoBaHHbIX XMMUYECKUX KYPHANO0B, KOTOpble
ny6AVKylOT pesynbTaTbl B OnpefesieHHbIX 061acTax XUmMuu.

OTKpPbITUE,

TaKXe

B Tabnuue 2 npuseseHo HeboONbLIOE KOAUYECTBO NMPUMEPOB
TaKMUX KYPHaNOB.

Kak BUAHO U3 NpuBEAEHHbIX AAHHbIX, 3HAYEHUA UMMNAKT-
baKTOpOB KYpPHAN0B MOTYT PAHKMPOBATHLCA B ONpeaeneHHbIX
npegenax. B HacToAWMA MOMEHT, B MMpe M3JaeTcA Takoe
OTPOMHOE KO/IMYECTBO HayuHbIX KYpPHaNoB, Yto Ana noboi,
[axe BeCbMa y3Kocnewumann3nmpoBaHHo paboTsl, Bceraa ecTb
BO3MOXHOCTb N0A06paTh, Mo KpaiHei mepe, 2-3 NOAXOAALLMUX
1 A,OCTOMHbIX BapuaHTa.

CnepyeT TakKe OTMETUTb, YTO pasHble M3aaTenbcTsa U,
[lake HeKoTopble, OTAENbHO B3ATbIE ¥KypHasbl, paboTatoT no
HeckonbkMm 6usHec-mogenam npu nyb6aMKaumMmu craTeil.
MepBblii BapUaHT —3TO Mogenb ny6amMKaLum, B OCHOBE KOTOPOM
NIeXUT NOANMCKA Ha XKypHanbl (subscription based model). Mpwu
3ToM u3aaTenscTBo bepetca onybankosatb paboTy aBTOpOB
coBeplleHHO HecnnaTtHo, HO oHa byaeT AOCTyNHA NUWb TEM
ynTaTenam, Kotopblie NM60 UMEIT MHANBUAYANbHYIO NOANUCKY
Ha KypHan, AU MOTyT NOAYYUTb AOCTYN Yepes opraHusaumio
obopMUBLLYIO TaKyl noanucky, Aubo ByayT roTosbl
npuobpectv A[OCTYyN K UHAWBMAYyaNnbHOM cTaTbe. BTopoi
BapUWaHT — 3TO TaK Ha3blBaeMble }KypHabl OTKPLITOroO A0CTYyNa
(open access model). B gaHHOM cnyyae, Kak npaswio, oOT
aBTopoB noTpebyeTcs onaatuTb Ny6AUKALMIO B XypHane, npu

TaGnuua 2 —CsefeHua o HEKOTOPbIX Y3KOCNneunaan3npoBaHHbIX XMMUYECKUX XKYPHanax

ypHan co 3HayeHnamm U un keapTunei (Q)*
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3ToM onybAuKoBaHHaA cTaTbsA, 6OyaeT [ocTynHa Bcem
6ecnnaTtHo. CyLLecTBYIOT TaK¥Ke KypHa/bl, KoTopble paboTatoT
no rmbpuaHoin cucTeme, TO ecTb OHWM MOTyT ony6AMKOBaTb
cTatblo 6ecnnatHo, U oHa ByaeT AOCTyMHa AUWb Tem, KTO
MMeeT MOAMMUCKY, HO NPY NPOU3BEAEHHOM onaaTe — }KypHabl
NpefoCcTaBAAOT OTKPbITLINM AOCTY.

Mogenib OTKpPbITOro AO0CTyna C naaTHoW nyb6aukauuei
cTatei, npusena K
NOSABNEHUIO MHOXECTBA, TaK Ha3blBAEMbIX, «XULLHUYECKUX»
KYpPHaANoB, rotosbix onybaukoBaTb paboTbl faxe camoro
HWM3KOro KayecTsa, NpW yCAOBWUM NoAyyeHus oniatbl. OueHb
YacTo TaKMe XKypHasbl 3aHUMAIOTCA KOXOTOW» Ha aBTOPOB U
paccbinaloT  BecyncieHHOe  MHOMECTBO  MpUrialleHuit
ony6avkoBaTbcA. XoTenocb 6bl NpegocTepedyb aBTOPOB OT
ny6avKkaumn B nopo6HbIX XKypHanax, MOCKOAbKY 4acTo 3TO
MOMET HaHecTU HenonpaBuMMbIA Bpes HayyHOW penyTauuu
yyeHoro.

OpHako, uHorga 6blBaeT A0BOMbHO TPYAHO OTAMUUTL
NopAAOYHbINA KypHAN OT XUWHMYecKoro. Mo onbiTy aBTopa
OaHHOM cTaTby, Hanbonee npocTbIM cnocobom
COPMEHTMPOBATLCA CPeAu KypHanoB nABAseTcA  Bbl6op
Hay4YHOro M34aTeNbCTBA C Y¥KE C/ONKMBLUENCA penyTauuen.
Hanpumep, u3patenbctBamu € yCTOABLUEWCA penyTauuen
agnaotca American Chemical Society, Royal Society of
Chemistry, Elsevier, John Wiley & Sons, Springer n HekoTopble
apyrve. Kapgoe W3 yKasaHHbIX M34aTenbCcTB  Ny6aukyeT
MHOKECTBO JKYPHANOB MO XMMUM, KAYecTBO KOTOPbIX He
noasepraetca  COMHeHuaM. Kpome TOro, HeKoTopble
KXULLHUYECKME» KYpPHa/ibl MOXKHO onpegennts no 6ase
[JaHHbIX CrnucKa Buana [2], B KOTopylo perynspHo BHOCAT
KYpPHaAbl, NOANOPTUBLLME CBOIO PenyTaLuio.

Mpu BbiGOpE }KypHana Ana nyb6avMKauum, TakKe cnegyet
obpalatb BHMMaHME Ha ero HasBaHue. Ecnu 3To HasBaHue
ABNAETCA BCeOoxBaTblBalOWMM, Hanpumep, The Advanced
Science Journal, To ckopee Bcero faHHbll XXypHan He ABAseTCA
M HUKOTAA He CTaHeT BbICOKOPENTUHIOBbIM, MOCKONbKY
3aHMmaeTca nyb6auMKauuei Bcero, 4TO K HMM nocTynaet
(MCKNtOYeHUA  COCTABAAIOT  KypHanbl C  ycTosBLIENcA
penyTaumen Tuna Nature, Science, Scientific Reports u T1.4.).
ABTOp TaK:e pekomeHayeT nsberatb Nny6AMKaLMK B KypHanax,
NpuUBA3aHHbIX M60 K KOHKPETHbIM OpraHU3aLMam, Hanpumep,
BecTHUK KaKkoro-uHmMbyab yHMBepcuTeTa, NMBO  MMeoLmx
reorpaduyeckyio NpuBA3KY B Npeaenax OAHOW W3 CTpaH,
Hanpumep, Indian Journal of Applied Research (kcTatm 3atot
KYypHan ecTb B cnucke bunna [2]). UcknoueHus cocTtasnsioT
HeKOoTOopble XXYpPHasbl CTPaH, ABNAIOLWMUXCA TMAEPAMU B HAYKe,
Hanpumep, Journal of the American Chemical Society. Takas
NPUBA3aHHOCTb NMBO K KOHKPETHOW opraHusauuu, nmbo K
CTpaHe, Kak MpaBMIO, CYLWeECTBEHHO  OrpaHuWyvBaet
pacnpocTpaHeHHOCTb Ny6ANKaLMi B MUpe U B NocaeayioLLem
MOMET HeraTMBHO CKa3aTbCA Ha UUTUPyemMocTU paboTbl.
OpHako, He cnefyeT TaKkKe CNEno BEpUTb B KypHan c
NPUANYHBIM Ha3BaHWeM. MHOr1e X1LWHWYecKne n3aaTesbCTaa
He TO/IbKO atoT LOBOJIbHO NPUBAEKaTe IbHbIe Ha3BaHUA CBOUM
KypHanam (Hanpumep, European Journal of Chemistry us

K COXaneHukw, B nocnegHee Bpema,

cnucka bunna [2]),

HecyuwecTeyrume 3Ha4yeHnA VIMHaKT-d)aKTOpOB Ha cBoux Beb

HO W A0BO/IbHO 4acCTO YKa3blBakT

CTPaHMLAX U B PEKNAaMHbIX PacCblKax.

Jltoboi He3HaKOMbIN KypHan, nepeg nofavyei B Hero
cBoel HYXHO npoBepuTb  Ha
nHAaeKcupyemocTb B 6asax Scopus, Web of Science, a Takxe

cTaTby, TWaTeNbHO
HaZnumMe n BeANYMHY mMmnakT-dpakTopa, SCR u KBapTuab. B
HEKOTOpPbIX CBA3M C  BO3pacTalOWUMK
noTpebHoCTAMM B NyH6AMKALLMM BbICOKOKAYECTBEHHbIX CTaTel,

cnyyasax, B

BbICOKOPEMTUHIOBble UM34aTenbCTBa Takue Kak American
Chemical Society, Royal Society of Chemistry, Elsevier, John
Wiley & Sons u Springer Take MOryT 3anycTuTb HOBbIN
KypHan. B nepsble roabl ny6aukaumu, nwboli KypHan, B
NPUHLMNE, He MOXEeT MMEeTb HUKAKMUX 3HAYeHUM WMMMaKT-
dakTopos. OfHaKo, c 60/bLLIOIK BEPOATHOCTbIO, U3-33 BbICOKOM
penyTauun M34atenbcTBa, OH MOXKeT [0CTaTOYHO 6bIcTpO
BbIPacTU B OAMH U3 NUAEPOB B cBOei obnactu. Mpumepom
TaKoro pocrta ABaAeTca XypHan Polymer Chemistry, KoTopbiit
Havyan musgasaTbesa Royal Society of Chemistry nuwb 8 2010
rofly M K HacTosemMy MOMEHTY MMeeT nmnakT-daktop 4.760
(2018 Journal Citation Reports, Clarivate Analytics, 2019).
Kpome TOro, npu Bbibope }KypHana, UMeeT CMbICA TaKKe
03HaKOMUTbLCA C COCTaBOM pefKoanerun. Ecam }kypHan Tonbko
HefaBHO 6bli 3anyLleH, HO ero rnaBHbIM PeAaKTop M COCTaB
peaKkonneruu npeacTas/ieHbl
M3BECTHbIMU Y4YeHbIMM, TO €CTb BEPOATHOCTb, YTO AaHHOe

[LeiCTBUTENbHO — O4YeHb
nsgauvve byaeTt umeTb ycnex 1 6bICTPO NpMobpeTeT BbICOKYIO
penyTauuio.

Cnepyet ycnewHoMm
ny6AvKaumMm B TOM UM MHOM 3KypHane faneKko He Bceraa

OTMETUTb, 4YTO BEPOATHOCTb
6yLeT NMHEWHO 3aBMCETb OT BEAMYMHbI MMMaKT-daKkTopa.
YacTo cnyyaeTca, YTo CTaTbio CHaYasia OTKAOHAIOT B KypHane C
6o/iee HU3KMM 3HayeHMem uMnaKkT-pakTopa (Hanpumep,
Nd=1,2), a 3aTem, nocsie ee He3HAYUTENbHOWN NepepaboTKku, ee
yaaetca onybankosaTb B KypHasne c 6onee Bbicokum UD
(Hanpumep, NP=2,0).

4. MoaroTtoBKa pyKkonucu

Mocne TOro, Kak aBTOPbI ONPEAEenUInUCh C KYPHA/IOM, B
KOTOPOM OHM XOTeNn Bbl oNy6IMKOBaATL CBOIO PYKONUCH, UMeeT
CMbIC/1 03HAKOMUTLCA C MPaBUAaMU ANA aBTOPOB, a TaKXke C
HECKOJIbKMMU CTaTbsIMM, KOTOPbIE yKe Bbln onybanMKoBaHbI B
OAHHOM M3paHuW. BHMMmaHue cnepyeT o6paTuTb Ha Takue
MOMEHTbI KaK AJ/IMHY CTaTbM, CTUb U3NOXKEHUA MaTepuana,
pasmepbl BBEAEHUA U KOZIMYECTBO CCbIJIOK Ha NTepaTypHble
WUCTOYHUKM. CyLecTBEHHbIE OTKIOHEHMA OT HOPMbI, MPUHATOM
B [AHHOM }KypHasie, CKopee BCero, NpuMBeayT K TOMY, 4TO
pefakTop MOXKeT OTKNOHUTb PYKOMUCH, AaKe He BbICblaasa ero
Ha BHelHee peLeH3MpoBaHMe. Huxke ByayT paccmMoTpeHbl
OCHOBHble 0COBEeHHOCTM MOAFOTOBKM pPas/IMYHbIX pPa3fenos
MaHycKpunTa.

4.1 HazsaHue cmambsu, aHHOMAYUA U Kato4Yesble €/108a

B Bek bypHOro passutma MHGOPMaLMOHHbIX TEXHONOTUA
M exeAHEBHOrOo BbiMyCKa HayYHbIX CTaTel MO XMMUK, KaxKabli

BecTHuMK KasHY. Cepua xummyeckasa. — 2020. — Nel
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AKTUBHbIV yYeHbI OO/IKEH CeANTb 32 NIMTepaTypon B CBOEW
06/1acT 3HaHMI. Kak npaBuio, faxe npu HONbLLIOM XKenaHuu
6bITb B Kypce BCEX Hay4HbIX HOBOCTEWM, B HacTosAllee Bpema
MPaKTUYECKN HEBO3MOXKHO NPOYecTb abcotoTHO BCe CTaTby,
OTHOCALWLMECA, AaXKe, K AOBOJIbHO Y3KOW 06/1acTU 3HaHWit. B
CBA3M C 3TUM OONbLWIMHCTBO WccaepoBaTenei cnefat 3a
BbINYCKOM CTaTell B OrPaHUYEHHOM KOJIMYECTBE KYPHANO0B W,
KaK NpaBuao, NPy NONYYEHUUN PACCHINOK C Ha3BaHUAMM BHOBb
BbllIeALWNX CcTaTew,
npocmMaTpusatoT Mx. Mpu TaKOM MMMONETHOM 3HAKOMCTBE C

M3 CBEXWMX HOMEpoB, Auwb 6erno
MHOKECTBOM Hay4HbIX CTaTel, onpeaensiollyo poab MOXeT
UrpaTb NpaBubHbINA BbIGOP Ha3BaHMA cTaTbu. CuMTaeTcs, 4To
KpaTkue n 6pocKme HazBaHusA, CNoCo6Hble NPUB/IEeYb BHUMAHUE
yuTaTenem, nonb3yoTca GOAbWKMM yCnexom M cnocobCTByIOT
NOBbILEHWIO LUTUPYEMOCTU PaboTbl.

BTopbiM NyTem HaxoXAeHWs HayyHoW WHpopmauum
ABNAETCA  WCNOAb30BaHME  PA3/IMYHBIX  INEKTPOHHBbIX
B pgaHHOM cayyae AnA  noucka
MCNONb3YIOTCA KNOYEeBble CN0BaA U UX KOMBUHALMK. B cBA3M €

NMOUCKOBbLIX CUCTEM.
Yem, OYeHb BaXKeH OMTMMajbHbIM NoABOpP KAYEBbIX CNOB,
KoTOopble 6yayT NpeacTaBaeHbl He TO/IbKO B CAMOM Ha3BaHUMU
CTaTbM, HO U B @aHHOTALMM K paboTe, a TaK»Ke CMMUCKe KtoUYeBbIX
CNOB, KOTOPbIE YacTo TpebyrTcA NPKU NOAFOTOBKE PYKOMUCEN.

4.2 BsedeHue K cmamee

Mo MHeHWt0 aBTOpa, HanucaHuve BBELEHMA K CTaTbe
ABNAETCA O4HOMN U3 Hanboiee CNOXKHbIX 33434 NPU NOATOTOBKE
pykonucu. BeeaeHne — 3TO TOT pasgen CTaTbM, KOTOPbIM B
nepsyto ovyepeab OyaeT uMTaTb penakTop, Y4TobObl OLEHUTbL
HOBM3HY M 3HAYMMOCTb PaboTbl M MNPUHATbL peLleHne o
AanbHenwen cyabbe pykonucu. Bo BBeaeHMM Heobxogumo
KpaTKO M ACHO [atb MHbOpPMaLMIO O HayyHol obnactu, B
KOTOpOM NpoBefeHO [AaHHOEe WCcCNefoBaHWe, PacCMOTPeTb
OCHOBHble NybAMKauuKn, npeawecTsyowmne Bawen paborte, a
TakXe p[atb obocHoBaHWe HeobxogMMOCTM NpoBeseHun
MUccNefoBaHMMA, COCTAaBAAOWMX CyTb cTaTbM. OuyeHb 4acTo,
Hambonblyto  TPYAHOCTb BBEAEHMA,
npeactasnseT coboit HeobxoAMMOCTb 06OCHOBAHMA HOBU3HbI

npun HannMcaHnu

paboTbl. HayuyHas HoBM3HA nt06OK paboTbl MOMXKET MMeTb
pa3AnyHyto 3HaUMmocTb. Hanpumep, paboTa, B KOTopoWi 6b110
nosy4eHo HoBoe nyTem MCNoNb30BaHUA
N3BECTHbIX peakuuii, 6esycnosHo bypet
XapaKTepM30BaTbhCA onpeseseHHON HoBU3HOW. OagHaKo, ecan

coeanHeHue,
XUMUNYECKUX

Takoi paboTe yKe NpeaLWecTBOBasO HECKONAbKO CcTaTel,
CO0bLWAOWNX O CUHTE3Ee NOAO06HbIX COeAUHEHUI, TO HOBM3HA
BHOBb Mpe/ACTaB/leHHOW cTaTbu ByaeT A0BOAbHO HU3KasA. pu
paccmoTpeHuu Takux paboT ana nybAnKauMK B KypHanax ux
4acTo XapaKTepu3ytoT TepmmHom “incremental”, To ecTb cTaTbA
C ouyeHb HebONbWMM coAep)KaHWem HOBOM WHPOpMALUU.
BbICOKOPEWTUHIOBbIE KYpHa/bl CTapaloTca Takoro poja
paboTbl He Ny6AMKOBaTb M peAakTopa, Kak NpasBuao, mMoryTt
NPOCTO OTKNOHUTb CTaTblo Aaxe 6e3 NpoBeAeHUA BHeLHEero
peueH3MpoBaHuA.

B 60MbWMHCTBE XMMUYECKUX KYPHANOB, NyBAUKYOLWMX
OpUTMHaNbHblE KCNEPUMEHTaNbHblEe paboTbl, BBeAEeHUe, Kak
npaBuo, LOMKHO 6bITb HE MeHee 04HOM 1, He 6onee YeTbIpex,
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CcTpaHuu. MNpy HanucaHWW BBEAEHUA K CTaTbe, MOXeT OblTb
MCMOb30BaH CNeayoWwnii aNropuTm: nepsble Asa-Tpu ab3aua
TEKCTa HY)XHO MOCBATUTb onpegesieHnto 0baacTv MHTepecos
npegnaraemou ctatbu. Hanpumep: «3meunHble AAbl ABAAIOTCA
LEeHHbIM  MCTOYHUKOM  MPUPOAHBIX  COeAUHEHWUN n
nccneoBaHMe UX XMMUYECKUX COCTaBOB CNOCOBCTBYET NOMCKY
6UONOTNYECKU-AKTUBHBIX COEAMHEHUN, NPUMEHAEMbIX MNpu
CO34,aHUN HOBbIX NEKAPCTBY. B cieaytowmnx AByx-Tpex ab3auax
MOHO PacCMOTPeTb HECKO/bKO NybauKauuii 6onee ysKkoro
naaHa, UMelLmMX HenocpeacTBEHHOE OTHOLEHWe K AaHHOM
paboTte, Hanpumep: «M3BECTHO, YTO TOKCMYHOCTb 3MEWHbIX
A808 cemeictBa Viperidae obycnoBneHa HanuMumMem B HUX
bepmeHTOB, 06/134alOWMX BbICOKOM MPOTEONUTUYECKON
AKTUMBHOCTbHO...». [lasiee MOXHO NPUBECTU KPaTKME CBEAEHUA O
npeablaywmnx pabotax aBTopos, Hanpumep: «PaHee Hamu 6bin
nccnenosBaH 6UOXMMUYECKMIA COCTAB AL0B CTEMHbIX FaftoK U3
HEKOTOpbIX nonynauunii 3anagHoro KasaxctaHa. YcTaHOBAEHO,
yTo ..». M 3aTem npuBOAMUTCA NocnefHWin ab3au, Aatowui
npeacTasaeHune o paboTe, packpbiBaeMoi B AaHHOM cTaTbe: «B
[AaHHOW paboTe Hamu BrepBble BblAe1eHbl TPOTEONUTUYECKUNE
depmeHTbl ragtoku Vipera ursinii...”. 4acto npu HanucaHum
nocneaHero ab3aLa TakKe yKasblBalOT METOAbI UCCNEL0BAHNMA,
MUCNO/NIb30BaHHbIE B [aHHbIX 3KCMNEpUMEHTax, Hanpumep:
«MeTof0oM renb-npoHuMKatoLen xpomatorpadum yctaHoBNEHA
MOJIEKYNAPHAA MACCa 3TUX PePMEHTOB...».

4.3 Mamepuasnel u MemoObl

CornacHo coBpemeHHbIM TpeboBaHMAM, AaHHAA ceKuuA
[OMKHA NpefocTaBNATb MHPOPMaUMIO [0 TaKoW CTeneHu
JeTanus3aumu, KoTopas nossoausa 6bl  uccneposaTento,
MMeloLemMy AOCTaTOYHYI0 KBasvdUKaumMIo B faHHOM obnacTu
XMMWUK, TMONIHOCTbIO BOCMPOM3BECTU pe3ynbTaTbl  BaALIMX
3KcnepumeHToB. Kak npaBuio B CTaTbAX MO XMMWUW, AaHHaA
CeKUMA HayMHaeTcA C MNOJHOLEHHOro OMWCaHWA  BCex
XMMUYECKUX BELLECTB, UCMOAb30BaHHbIX B aHHOMN paboTe, nx
WUCTOYHMKOB (Hanpumep, KOMNaHUA-NPOU3BOAUTEND U MECTO
HaXOXAEeHNA KOMMaHWK), CTeneHb YUCTOTbl U Apyrue ocobble
XapaKTepPUCTUKM (Hanpumep, MOJIEKYNAPHYIO maccy
MCMNOMb30BaHHbIX nNonumepos). [anee, cnepyeT onucaHue
MeTOL0B MUcCNefoBaHUA. B cuHTeTUYecKMXx paboTax O4veHb
Ba)KHO AeTasbHOe yKasaHue yCNoBUIN NMPOBeAEeHUA peakuui,
KO/MIMYecTBa peareHToB, YC/AOBWUI CUHTe3a (Hanpumep,
TemnepaTypa v Bpema peakuumn) u Tak fanee. B akcnepumeHTax
GU3NKO-XMMUNYECKOTO N aHa/IMTUYECKOTo NaaHa, HeobxoAnmo
YKasblBaTb MOJIHYIO creuuduKaumnio ob6opysoBaHma, Moaeb 1
KOMMaHUWIo-NponssoauTenb, Hanpumep: «CnekTpbl ‘H AMP
6blAN 3anucaHbl C UCMONb30BaHMEM crniekTpomeTpa Bruker
Avance 300 MHz u pe3ynbTaTbl aHaAM3MPOBAINCH C MOMOLLLBIO
nporpammbl  Bruker software (TOPSPIN 3.0). PacTBOpbI
06pasuoB ANA aHaAu3a roTOBMAWCL B AeATEepPUPOBAHHOM
xnopodpopme».

[0BONLHO 4acTO rPamoOTHOE M MOAHOLEHHOe OnucaHue
3KCNepUMeHTaNbHbIX AeTanel paboTbl MOXKeT cnocobcTBOBaTbL
MOBbILWEHHON LUTUPYEMOCTU CTaTbW, MOCKO/bKY Apyrue
nccnefoBaTeNM MOryT UCMOMb30BaTb Bally MeTOAWMKY ANA
npoBeAeHNA CBONX IKCNEPUMEHTOB.
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4.4 Pe3ynemamel u ux obcymdeHue

Mpu NoAroToBKe AaHHOW CEKUMU CaedyeT NOMHUTb, YTO
KaAblii Hay4HbIA pe3ynbTaT, NpeacTaB/ieHHbId B CTaTbe,
[OMKeH ObiTb  onpefesieHHbIM 06pPasom  pPaccMOTpeH WU
06CyXKaeH. npwm
06CyAEHUN KaKA0ro pe3y/ibTaTa, 4aBaTh KPaTKoe onucaHue,

an 3TOM BCerga AO0BOJIbHO MNONE3HOo,

KaK OH 6blfl Nosy4YyeH, KakoBbl OblAnM HabnwgeHWa U YTo
03HayaloT  Habawgaemble «Mpwu
nccaenoBaHmm bakTopoB  Ha
pacTBOPUMOCTb
nosblleHne

ABNEeHUA,
Pa3ANYHbIX
noammepa B

Hanpumep:
B/IMAHMA
BOZle YCTAQHOB/JEHO, YTO
ot 20 po 50°C npuBoAMT K
CHUXEHUIO MaKCMMasbHO AOMYCTUMOrO KONMYecTBa AaHHOro
BewecTBa B pactsope ¢ 5 go 10 mr/ma. Mo-Bnagnmomy, 3To
06YC/NI0OBNEHO YaCTUYHbIM Pa3pyLleHMEM BOAOPOAHbIX CBA3EN

TemnepaTtypbl

MeXK Ay MONEKYNaMU BOAbl U MAaKPOMOIeKyNaMu noMmepa, 1
ycunenmem ruapodobHbix B3aumoaeincTaumity. MNpu Hanuuum 8
NuTepaType CBeAEeHWil, KoTopble MOryT WMeTb npsamoe
OTHOLWeHMWe K HabaofaeMbiM ABAEHUAM, HEOBXOAMMO TaKKe
3T0 06CYAUTL C YKa3aHMEM COOTBETCTBYIOLWLEN AUTepaTypHOi
Xopowo
cornacyetca ¢ paboToit [uMTepaTypHas ccbinkal, B KOTopoW
coobwanoch...». Takoe noapobHoe u
obcyxaeHne CcoBCTBEHHbIX pPe3ynbTaTos,

CCblZIKK,  Hanpumep: «Ha6mo,qaerv|oe AB/ieHNe
Kputndyeckoe
B CpaBHeHUU C
INTePaTypHbIMMN AaHHbIMU, Bbl3blBaeT b6onbluee aAosepune K
BalWMM pe3yaibTaTaM.

XapaKTep N TWATeNbHOCTb NOArOTOBKU Ml'lﬂ}OCTpaLI‘Mﬁ K

KauecTBo Ny6avKyemoi paboTbl. Kak npaBuio, pegaktop, npu
MoJly4eHUM HOBOW PyKOMWUCKU, NPOBOAMUT NUWbL NpeaBapu-
TeAbHOE O3HaKoOM/JeHue W, [JafeKko He Bcerga, umeer
BO3MOYHOCTb NPOYUTATb €ro NOAHOCTbIO. BHMMaHWe 06bI4HO
obpallaeTcs Ha Ha3BaHWe, aHHOTALMIO, BBeAeHUE, BbIBOAbI U
WANOCTPATUBHbIN HebpexHasa  noarotoska

Mnmocmau,mﬁ, B 60/bWNHCTBE Ciy4aeB, MOXeT npounssectu

mMaTepuan.

He6naroanﬂTHoeBneanneHMeHapep,aKTopa,qTo,BoamomHo,
npueeaer K pPeweHUn OTKJAOHUTb
nposeaeHnAa BHelWHero
3Ha4YeHne WUMEerT TaKXe noAnnucn K KaxXaomy pPUCYHKY,

cTaTbio, QAaxke 6es
peueH3upoBaHuA. BaxHelilwee
KOTOpble fO/1HbI MONHOCTHIO PACKPbIBATH CYThb MPOBEAEHHOTO
aKcnepumeHTa. [paBUAbHO MNOATOTOBAEHHbIE MOAMUCU K
pUCYHKaM MHOT4a MOTYT NOMOYb YUTATE/O NMOHATH OCHOBHbIE
pe3ynbTaTbl HayuyHoW paboTbl 6e3 BHUMATENbHOro NPOYTEHUA
CTaTbM MONHOCTbLIO.

OfHoW M3 Hambonee yacTo BCTpeyYaemMblx oWWMBOK mpu
NoAroToBKe PUCYHKOB ANA Ny6AMKaLuW ABAAoTCA HebpexHo
noarotossieHHble rpaduKku. ABTOPbI AO/IKHbI MOMHWUTb, YTO
npu OKOHYaTeIbHOM GOPMaTUPOBAHUM CTaTel CnocaeaytoLei
neyaTblo UX B KypHane, MHOTUE WAMOCTPaLUM NpeTeprnesaoT
npoLeaypy CKaTua U NOATOHKM Noj onpeaeneHHble WabaoHbl.
Mpu 3TOM TaKoe cxKaTue 4acTo MOXKeT NPUBOAMUTL K moTepe
JaHHbIX, HanpuWmep, U3-33 CAWLUKOM ManeHbKoro wpudTta,
AMBo  CAMIIKOM TOHKUX Ocell KoopauHat. Ha pucyHke 1
npeacTasneHbl  npumepbl  HebpeHO MNOAroTOB/IEHHOTO
rpaduka, a TakKe ero yny4yleHHoro aHanora.
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PucyHok 1 — lMpumep HebpeHO NOAroTOBNIEHHOTO PUCYHKa (CNeBa) v ero yaydweHHas Bepcus (cnpasa)

CTaTb€ MMeeT BakHelllee 3HayeHue, onpegenawollee
Effect of temperature
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OCHOBHbIMK HeaoCcTaTKamu npu noaroToBske

BbILLENPUBEAEHHOIO PUCYHKA ABAAIOTCA: MaNeHbKUn WwpudrT,
Cepblii LBET KOOPAMHATHbLIX OCEW U TeKCTa, OTCYTCTBME PUCOK
(tick marks) Ha ocsax, HanMuMe 3NeMeHTOB Ha3BaHWA PUCYHKa
Ha camom rpaduke («Effect of temperature», nockosnbky
JaHHaa uHbOpmauMAa [OMKHA ObiTb OTpaXkeHa B camoi
NOANMUCU K PUCYHKY), CIMLLKOM BbICOKAsA NAOTHOCTb LUbPOBbIX
3HauyeHWl Ha opAuHaTe, coeAMHEHUE BCEX TOYeK MPAMbIMU
JIMHUAMM, @ TaKXKe OTCYTCTBME LOBEPUTENbHbBIX MHTEPBANOB Ha
(Tak «yCcoB»).
MHorume 13 aTUX HeLOCTaTKOB yCTpaHeHbl Ha rpaduke cnpasa:

3KCNepuMeHTaNbHbIX TOYKax Ha3blBAa€MbIX

yBenuuyeH WpudT, NoBbIEHa KOHTPACTHOCTb M306parkeHus,
3KCMEePUMEHTa/IbHbIE TOYKM COeAMHEHbI MNABHON NYHKTUPHOM
KPUBOI, KOTOpPan MOKasbiBaeT TeHAEHLMI0, 406aBeHbl PUCKK
Ha KOOPAMHATHbIX OCAX, U T.A4.

Ocoboe BHUMaHWE TaK:Ke xoTenocb 6bl 06paTUTb Ha
cTaTUCTUYecKyto 06paboTKy pesynbTaToB M ee rpaduuyeckoe
oTobpakeHune. OcobeHHO B nmocieaHue rogbl, C NOABAEHUEM
6ONbLIOrO  KOAMYEeCTBa  MYAbTUAMCLUMUMAUHAPHbBIX  Uccae-
O0BaHW, HabntogaeTca TeHAeHUMA K 6onee cepbe3HOMY
NPUMEHEHUI0  CTaTUCTUYECKMX MEeTOAO0B Mpu  aHanuse

pes3ynbTaToB, a TaKXe MNpu MX rpadpuyeckom OoTobparkKeHuwu.

BecTHuMK KasHY. Cepua xummyeckasa. — 2020. — Nel
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Cneumanuctbl B BUONOTMYECKUX AUCLUMANHAX, KaK NpasBuo,
yaensaoT 6onbliee BHMMAHME CTATUCTUYECKOW o0b6paboTke
pe3ynbTaToB MO CPaBHEHWID C y4YeHbIMU-XMMUKamKU. Ecnau
paHblUe, HaNMYMe IKCNePUMEHTA/IbHbIX TOYEK Ha rpadukax 6e3
BE/IMYUH CTAHAAPTHOrO OTK/JOHEHUA, 6blNo Npuemiembim B
60nblIMHCTBE paboT, To ceityac TpeboBaHWA BO3PACTaloT U BCe
Yalle peLeH3eHTamMm NPUBOAATCA 3aMeYaHunsa U3-3a OTCYTCTBUA
cTatucTnyeckoi o6paboTku. [loBONbHO YacTo, CTaTbU U BOBCE
MOTYT 6bITb OTKJIOHEHbI OT NY6AMKALMU NPU OTCYTCTBUU B HUX
CTaTUCTUYECKOTro aHanu3a.

XoTenoco 6bl Takke 06paTUTb BHUMAHWE, YTO AECATUYHbIE
3anATble, NPUHATbIE B PYCCKOA3bIYHOM HAy4HOW AuTepaTtype
HY}KHO Bcerga
3aMEHATb Ha AECATUYHbIE TOYKM (Hanpumep, BMECTO «2,3»

npu oTobpaxeHWU UUOPOBLIX 3HAYEHUH,

HeobxoAMMO UCMNo/Nb30BaTb Takol dopmat «2.3»), yTO6LI
COOTBETCTBOBAThL Tpe6OBaHUAM 3aMaHbIX KYPHAOB.
CnepyeT OTMeTWUTb, YTO B NoOCNefHee BpPems HayuyHas

obLiecTBEHHOCTb CTana yAenaTb OrpoMHOE BHMMaHUe
BOCMPOM3BOAMMOCTM  Pe3yNbTaToB, MNPEACTaBAEHHbIX B
ctatbax. Ony6AMKoBaHHble paboTbl, pe3ynbTaTbl KOTOPbIX

BNOCNEACTBUU HWKOMY He yAaeTca BOCMPOM3BECTM, MOryT
6bITb MOABEPrHYTbI peTpaKkuum (article
retraction), 4To MOXXeT OTpULLATEIbHO CKAa3aTbCA Ha penyTaumm

WA OTO3BaHbI

y4eHoro. PeTpaKLI,Mﬂ HECKONbKUX cTaTein Yy OAHOro y4yeHoro
MOXeT NpuBecTn K N0OJIHOMY OKOHYaHUIO Haquoﬁ Kapbepbl. B
CBA3N C 3TUM, UMEET CMbIC/Z1 OYeHb Cepbe3HO U CKypnynesHo
I'IO,CI,OI71TM K Kaxaoro 3KCNepMnMeHTa.
bonbwwnHcTBO NPOBOAMMDIX 3KCNEPUMEHTOB LO0/1XKHbI 6bITb

nposegeHuno

NMOBTOPEHbI HECKOJ/IbKO pa3 Ana Toro, 4Tobbl ybeanTbea B X
BocnpoussogmMmocTn. W 3atem pesynbTaTbl MOBTOPHbIX
3KCMEePUMEHTOB A0/IKHbI BbITb CTaTUCTUYECKM 06paboTaHbI.
4.5 BbigoOb!
MpY HanMcaHMK BbIBOAOB B CTaTbe HEOHXOAMMO MOMHUTD,
YTO OHM He A0/IKHbI O6bITb NLWb NepedpasnmpoBaHHO Bepcueit
aHHoTaumMn. MOMMMO CYMMMPOBAHMA OCHOBHbIX Pe3yNbTaToB
paboTbl, BbIBOAbI MOTyT COAEepKaTb MbICAW aBTOPOB MO
BO3MOHbIM Aa/bHEWLIMM UCCNeA0BaHUAM B 3TOM obaacTu.
4.6 CcolnKu Ha aumepamypy
MpyM nNOArOoTOBKE CMAMCKA LMUTUPYEMOWN NuTepaTypbl
cnefyet obpaTUTb BHUMaHWE Ha HECKOIbKO MOMeEHTOB. OfHoW

M3 Haubonee pacnpocTpaHeHHbIx owubOK  ABAAeTcA
HEeCcooTBETCTBME  KONMYEeCTBA  /IMTepaTypHbIX  CCbIOK
CTaHOapTam, MPUHATbIM B KOHKPETHOM KypHane. B

6ONbLINHCTBE  MEXAYHAPOAHbBIX XUMUYECKMX KYPHA/NOB,
CMeuManu3npyoLmnxca Ha Ny6anKaumm aKcneprmeHTanbHbIX
cTaTei, KONIMYECTBO NUTEPATYPHbIX UCTOYHWUKOB He [O/KHO
6bITb MeHee 20. Bbonee KOPOTKWUIA CMNUCOK UUTUPYyeMOW
NUTepaTypbl Npou3BoAMT HebnaronpuaTHOE BMNedyaTaeHue U,
KaK npaBWfo, YyKasblBaeT Ha HM3Koe KauyecTBo paboThbl.
VIcKNtoYeHne MOryT CcOCTaBAATb /MWL TaK HasblBaemble
«KpaTkue coobLieHMa» U HEKOTOpble »KypHaibl B CBOWX
WHCTPYKUUAX ONA aBTOPOB CMeuuasbHO MOryT MPOMUCbIBaTb
OrpaHMYEeHUs MO KOAMYeCTBY J/IMTepaTypHbIX WMCTOYHUKOB.
BTOpbIM OYEHb BaXXHbIM MOMEHTOM, ABAAETCA AOCTYMHOCTb

MCTOYHMKOB LIMPOKOMY Kpyry uutatesnei. BOAbLIMHCTBO

ISSN 1563-0331
elSSN 2312-7554

INTePaTYPHbIX CCbIZIOK AOMKHO ObiTb Ha CTAaTbM B XKypHanax ¢
ycTonaBLluelica penyTauuneit. Cregyet usberatb MHOXKECTBEHHbIX
CCbI/IOK Ha UCTOYHWUKM, U3[aHHbIE HE Ha aHIIMIACKOM A3blKe,
6yayT He[oCTYMHbI Kpyry
yutaTenei. Kpome T0ro, HEO6X0AMMO MOMHUTD, YTO CCbIZIKM Ha
cobcTBeHHble paboTbl He AOMKHbI NpesblwaTbh 15-20% Bcero
CNWUCKa nnTepatypbl. TakKe UMEeT CMbIC/ BKIOUYUTb XOTA-Obl

NMOCKOJIbKY OHM WKMpPOKoMy

HECKO/IbKO CCbI/IOK Ha CTaTbW, BbllUeALINE B }KypHase, KOTOPbIN
Bbl paccmaTtpusaeTe Ans ny6anKaumm csoeit paboTsbl.
[loBONbHO 4acTo, HauuHalowWwWe uccaefoBaTenu, npu
NoAroToBKE  pyKonucei, LUUTUPYIOT
y4ebHMKM 1 moHorpadum. CnepyeT MMeTb B BUAY, UTO TaKue

npenmyuiectseHHo

MUCTOYHUKM HEe [O/IKHbl COCTaBAATb GONbLUYIO YacTb CnMcKa
nutepaTypbl. MpegnoyteHune caegyeT oTAaBaTb LUTUPOBAHUIO
OpUrUHaNbHbIX PaboT.

OTpenbHoe BHWMaHve Heobxogumo 06paTuUTb  Ha
bopmatupoBaHue cnucka AnTepaTypbl. Kaxabli KypHan, Kak
NpaBuo, UMeeT CBOM YHUKA/bHbIN CTUAb 0pOopMaEHUs. ITOro
CTUAA cnefyeT NPUAEPNKMBATLCA, MOCKO/bKY CYLLeCTBEHHbIe
OTK/IOHEHWA OT HEro MOTyT AaTb NOBOJ PEAAKTOPY NOAYMATb O
TOM, 4TO Bawa paboTa yxe 6bina oTKasaHa B nyb6aMKauuu
APYTUM XKypHaoM.

5. lononHeHue K cTatbe

B HacTosuwee Bpems, NomMumo ny6/aMKaLUM OCHOBHOM
BEPCUM CTATbW, KYPHa/bl TaKKe NpeasnaraloT BO3MOXKHOCTb
BK/IIOYEHWUA BCMOMOraTesibHbIX Pe3ynbTaToB U MaTepuanos B
BUAE OTAENbHOrO AOKYMeHTa — pgononHeHus (Supporting
Information uan  Supplementary Information), KoTopoe
nomewaetcA Ha B36-caliT KypHana. [laHHoe Aono/sHeHue
Bcerga 6yneT MMeTb NPUBA3KY K OCHOBHOW CTaTbe U B Hem
TakKe ByayT yKasaHbl Bce aBTOpbl paboTbl U Ux abdduanaumm.
Takol AOKYMEHT MOXeT BKAto4YaTb B ceba 6onee nogpobHoe
onucaHue HeKoTopbIX MeTo0B nccnenoBaHus,
JOMNoNHWUTeNbHble TPaduKKM, Tabauubl, CXEMbl, ypaBHEHUs,
doTorpadum, BUAEO PONMKM, aHUMALMK, A TaKKe HeBObLLOW
CMUCOK AOMNONAHUTENbHBIX NMTEPATYPHbIX UCTOYHMKOB. OuyeHb
oTAENbHbIX
coeguHEeHUN, KannbpaLuoHHble KpuBble, boTorpadpun n cxembl

4aCTO B AO0MNONHEHWMEe BKIKYAKTCA CNeKTPbI

3KCMEepPUMEHTaNbHbIX YCTAaHOBOK W Apyroe. Hanuume Takoro
[OMONHWUTENIbHOTO JOKYMEHTa B PYKOMWUCU yKa3biBaeT Ha To,
4YTO OHa MOArOTOB/MEHA OYEHb KAYECTBEHHO WM MPOAYMaHHO.
PefakTopa »KYpHaNoB C BbICOKMM MMNaKT-GaKTOPOM, Kak
NpPaBWO, OXWAAIOT MPU PACCMOTPEHUU PYKOMUCEN, YTO OHU
6yayT BK/tOYATb JononHeHve c HeKoTopbIMM
BTOpOCTeNneHHbIMW pe3ynbTatamu. [loBoNbHO YacTo 6biBaerT,
UTO 06bem pe3ynbTaToB B AOMOJHEHUM MOXKeT 6biTb Aaxe
6onee cyLLecTBEHHbIM, YEM B OCHOBHOW YacTu PYKOMUCH.

6. OTNpaBKa PyKONUCU B XXypHan

B HacToslwee BpemsA 60/bWMHCTBO KYPHANOB MMeEOT
cBOI B36-caliT U cuCTeMy OTMpPaBKKM cTaTel B pefdakuuio. Kak

npaBuao, OTNPaBKOM PYKONUCU B pPefakuuio  AO/KeH
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3aHMMAaTbCA aBTOP A1 KOPPECNOHAEHL MM, KOTOPbIN ABAAETCA
NMaepom/pyKoBoauTeneM  OaHHOM  WUCCNef0BaTe/bCKOM
paboTbl U, bepeT Ha cebs OTBETCTBEHHOCTb 3a Ny6AMKauuio u
BCIO NOC/IeAyIOLLYIO NMEPENUCKY C U3[aTENEM U C YnTaTenaMuU
ONA yxe Bbllweaweln cTaTbM. Mo MHeHWO aBTopa AaHHOM
nepegfava
paboTbl BCEX MOHOMOYUIA OAHOMY M3 MIAALWINX COAaBTOPOB
(Hanpumep, CTyAEHTY UK acnupaHTy, IMbBO BOBCe ceKkpeTapto)
He ABNAETCA 3TUYECKM NPaBUAbHbIM pelieHnem. Mo MHeHuto
rNaBHOro pegakTtopa KypHana ACS Nano [3], aBTopom ans
KOPPECNOHAEHLUMN B CTaTbAX OO/KEH ABAATbCA TOT, KOMy
MOXXHO ByaeT 3aaTb BONPOCHI, NONPOCUTb AOMNONAHUTENbHbIE
maTepuanbl uam obpasubl, a TaKKe BblCKa3aTb NPeaNoKeHUA
4NA fanbHenwel paboTbl B AaHHOM HayYHOM HanpaBAeHUMU.
He cnyualiHO, HeKOTOpble cepbesHble KypHanbl NPOBEPAIOT
cTaTyc aBToOpa A/NA KOPPECMOHAEHUMU U MOTyT OTKasaTb B
fJanbHelwel obpaboTke CTaTbu NpWU OTCYTCTBUM Yy TaKOBbIX
yyeHol cteneHn PhD nnu ee skBMBaneHTa. Nepes oTnpaBKoi
CTaTbM B PefaKLMIo, KaXKabli U3 COaBTOPOB AaHHOMN paboTsl,
OOMKeH ObITb C HEel MONHOCTbIO O3HAaKOMJIEH U AaTb CBOe
cornacue Ha nybaunkaumio.

Mpu oTnpasKe pyKOMUCKM, aBTOP A8 KOPPeCnoHAeHUUn
06bIYHO 3aMONHAET perncTpauuoHHyro dopmy Ha B36-
CTpaHuLe KypHasia, yKasbiBaeT CBOW KOHTaKTHble AeTanu u
addunnaumm  KaxAoro M3 COaBTOPOB, a TaKXKe BHOCUT
OCHOBHble CBeAeHWA O cTaTbe (Ha3BaHMe, K/oYeBble CN0Ba U
aHHOTauMI). BONbWIMHCTBO KYpPHaNoB, B HacToAllee BpemsA
TpebyloT TaKXKe Ha/juyMe CONPOBOAWUTENBHOTO MUCbMA,
rpadpmyeckoro abcTpakTa, a TaKKe KOHTaKTHble JeTanu
peKoMeHAyeMbIX peLeH3eHTOB.

ConpoBoguTenbHOE  MUCbMO  AOJ/IKHO  COAepaTb
HekoTopoe 060CHOBaHME aKTya/lbHOCTM U HOBMU3HbI JaHHOM
uccneposaTesnibckoli paboTbl. Kak Nnpasuio, conpoBoanTenbHoe
NMMCbMO 3TO NepBOe, YTO [OMKHO ybeauTb penakTopa B
uenecoobpasHoctM nybanKauMm cTaTbu, MNO3ITOMY K e€ro
NMoAroTOBKe cfedyeT OTHECTUCb O4YeHb cepbesHo. B
COMPOBOAMUTE/IBHOM MUCbME TaKXe MOMKHO YKasaTb Ha
MYAbTUANCUMMIANHAPHOCTD PaboTbl M BO3MOXKHbIA UHTepec
ON1A WMPOKOro Kpyra y4yeHblX (Hanpumep, crneuuannctos B
06/1aCTU OpPraHWYecKoro cuHTesa, GU3MYECKON XUMUU UK
bapmakonoruu). MynbTMaUCUMNANHAPHbIE cTaTbl ByayT
MHTepecHbl 6osiee LWMPOKOMY KpYry YuTaTenel 1, Kak npasuno,
6yayT UmeTb 60/1bLWKIA yCnex B NAaHe UX LUTUPYEMOCTH.

Mpaduueckmnit abCTpakT AONKEH ObITb NPUBAEKATENbHbIM
M UHPopMaTMBHbIM. OH ByaeT McnoNb30BaTbCA U34aTENbCTBOM
[ON1A peKkaambl Balleil CTaTbU B OM1aBJIEHWUM K BbIMYCKY KYPHana,
B KOTOPOM OHa byaeT onybanKoBaHa, a TakXKe Ha Bab-caliTe u
yepes couuanbHble ceTu. dPPeKTUBHaA peknama Ballen
paboTbl MOXKET NPUBECTU K BOsiee BbICOKOW ee LUTUPyemMoCTH.

Kak npaBuno, KypHanbl TpebylT OT Tpex A0 NATU
PEeKOMEHAOBaHHbIX pPeLeH3eHTOB B Mpouecce OTNPaBKU
cTatbu. Mpu BbIGOPE BO3MOXKHbIX PELEH3EHTOB, He creayeT
YKasbiBaTb Y4YeHbIX C KOTOpPbIMM Bamu onybanMKoBaHO
MHOXecTBO paboT B coasBTopcTBe. Kpome TOro, He cTOUT
peKoMeHAOoBaTb B PeLEeH3eHTbl OYeHb W3BECTHbIX Y4YeHbIX,

CTaTby, pykosogutenem MCCHEAOBaTeanKOVI

Hanpumep Hobenesckux naypeatoB. WM3BecTHble yyeHble
06bI4HO MONYYAOT C/AMILIKOM MHOFO TaKUX MPUIAALWeHuni,
uTobbl YyAENUTb BHMMaHUE Kaxaomy. PeleH3eHTOB umeeT
CMbIC/I MCKaTb cpeam 3apybekHbIX yyeHblx, paboTalowmx B
Bawwei 061acT, UMEIoLWMX YYEeHyIo cTeneHb Ha yposHe PhD u,
XoTa 6bl, HECKONbKO Ny6AMKALMIA B XOPOLWUX KypHanax. Mo
MHEHUWI0 aBTOPa, NYYLIMMU peLeH3eHTaMu ABAAlTCA Mbo
monoable uccnegosatenu (noctgoku), Aanbo npenogasaten
Ha  ypoBHe  accucTeHT-npodeccopa  (nektop)  wam

accoumnmnposaHHoro npodeccopa (foueHT). Y HUX ¢ 6osblieit

BEPOATHOCTbIO Haﬁ,quCﬂ BpemAa WU KenaHue Ccepbe3Ho
OTHEeCTUCb K peueH3npoBaHUo, 4YTO B KOHEeYHOM c4yeTe
NOMOXET YNydlWKnUTb KayecTBo Ballelt CTaTbw. Cne,a,yeT

OTMETUTb, YTO peLLeHre No BbI6OPY peLeH3eHTOB NPUHMMaeTCA
pefaKTOPOM 3KypHana, y KOTOPOro ecTb AocTyn K 6asam
OaHHbIX u3gatenbctea. [losTomy, BoBCe Heobsa3aTesibHO
pefakTop 6yAeT MCnoab30BaTb KOro-nMbo M3 peuleH3eHTOoB,
npeANoKeHHbIX aBTOpamu.

Mpy nosydyeHUM Balieil pyKonucu, pesakTop, o6blyHO,
6ers10 3HaKOMUTCA C Hel M NPUHUMMaET pelleHne Anbo ee cpasy
OTK/IOHUTb (HanpMmep, U3-3a HEAOCTATOYHOM 3HAUYUMOCTHU UK
Kayectsa), sMb60O OTNPaBUTb Ha PELEH3UI0 HECKONbKUM
HE3aBWCMMbIM peLieH3eHTam. PeueH3snpoBaHue cTateil — 310
Heonsauneaemaa paboTa, MNO3TOMY, OYEHb YacTO MOWCK
peLeH3eHTOB pegakTopom TpebyeT onpeaeneHHOro BpemeHu
(okono Hepgenu). MHorMe W3 MPUrNALLIEHHbIX PELEH3eHTOB
MOTYT OTKa3aTb B pPeLeH3MPOBaHMM M3-3a CBOEMN 3aHATOCTH,
KOH}NMKTA MNHTEpecos, HeCcooTBeTCTBUA YpPOBHSA
KOMMETEHTHOCTU B AaHHOM 061aCTN 3HaHWI U T.N. Kak ToNbKO
[0CTAaTOYHOE KO/IMYECTBO PELLEH3EHTOB HalAeHo, UM AaeTcs
onpeaesieHHoe Bpems Ha O3HAKOMJIEHWEe CO CTaTbeil M
NOAroTOBKY peLieH3nmn (06bI4HO OT ABYX HeAeslb A0 mecAua).

Mpy nosy4eHMM [OCTAaTOYHOTO KOMMYECTBa peueH3ni
(06bl4HO  aBe-TpU), pPenaKkTop MpPUHUMMAET pelleHne o
OanbHelwen cyabbe pykonucu M MHPopmupyeT 06 3TOM
aBTOpa A4NA KoppecnoHaeHUMU. Ha 3Tom 3Tane, cTaTba MOXKeT
6bITb MO0 OTKAOHEHa OT NybanKauuun, NMbo pekomeHA0BaHa
Ana vcnpasaeHuin. Cnydau, Korga CcraTbio MpUHUMalOT 6e3
HEOBXOAMMOCTU KAaKUX-TMBO UCNpaBAEHUA B Hel, J0BOJIbHO
peaku.

7. MoparoToBKa
peueH3eHTam

MCI'IpaBﬂeHHOﬁ BepcMn U oOTBeTa

ABTOpPbI A0/IHblI CO BCEM CEepPbe3HOCTbI0 OTHECTUCH K
NOArOTOBKE WMCMPaBAEHHOM BEPCUM PYKOMWUCM WM OTBETY Ha
3ameyaHua peueHseHTam. Mpy NOArOTOBKe OTBETA pPeaaKkTopy
1 peLeH3eHTam He cnesyeT NposBAATbL arPeccuto 1 yKasbiBaTb
Ha MX HU3KYIO KBaMOUKALMIO U NMONHOE HeMoHMMaHWe Baluei
paboTbl. ECAK Bbl BCe Ke cYMTaeTe, YTO CTaTbio HENpPaBUbHO
NOHANM, TO, CKOpee BCEro, 370, BCe-TakKW, BUHA CaMMX aBTOPOB
(Hanpumep, cTaTbs HamMcaHa HEMOHATHO MW ee 3HaYMMOCTb
HeJoCTaToOYHO ybeauTenbHO NpeAacTaBneHa), AM6o OHa He
COOTBETCTBYETNPOGUI0 KYpHaNa. BToxKe Bpems, COBEPLLEHHO
Heobs3aTesbHO  cornawartbcA € abcosoTHO  BCemMu

BecTHuMK KasHY. Cepua xummyeckasa. — 2020. — Nel
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3aMeYaHUAMM PEeLeH3EHTOB, HO Ha KaXAoe M3 3amevaHuit
HYKHO NpeacTaBuTb ybeautensHblii oteeT. CaegyeT NOMHUTD,
YTO MNPMBOASA CBOM 3aMeuyaHus, peLeH3eHTbl CKopee BCero
CTapaloTca Bam NOMOYb 0Ny6ANKOBATH CTATbIO C Y/yULWEHHbIM
KayecTBOM.

Kak npaBuno, nto6asa pykonucb NPOXOAUT MO MeHbLUeit
Mepe oHY CTafuio peLeH3MpoBaHusa (04HaKo YacTo bbiBaeT u
HeCcKo/bKo) nepes Tem, Kak cTatba ByaeT NpuHATA B nevatb.
Mocne NpuHATUA cTaTbM pPefaKTOPOM, OHA OTNpaB/feTca B
M34aTenbecTBO AN 06paboTKM M NOATOTOBKM OKOHYATENbHOM
Bepcum ans nybankaumu. Ha aHHOM 3Tane, Co CTaTbel MoXeT
nopaboTaTb TEXHUYECKUI1 PeaKTOp, KOTOPbIA MOXET BHEeCTH
HeKoTopble PeAaKLMOHHbIE UCNPABAEHUA, HAaNPUMEp, B A3bIK
pyKonucu.

8. 3aKntounTenbHble pekomeHgauunu

Kaxkfana pyKonucb MnpoxoamT onpefeneHHbld nyTb, C
MOMEHTa ero oTnpasku B pefakumio, Ao nybavkauuu. Janeko
He BCe yCreLlHble U 3HaYMMble UCCNefoBaHuA Ny6ANKYIOTCA B
)KypHanax ¢ nepBoi MOMbITKU. McTopus 3HAeT caydyau, Koraa
CTaTby 6bIAN OTKNOHEHbI OT NYBANKALLMM B OLHOM KypHae, Ho
BNOCNEACTBUU BbiNN BbiNyLLEHbl B APYrOM U CTasv NPUYUHOM
npucyxaeHus asTopam Hobenesckol npemuu [4]. Cam
NpoLLecc OLLeHKM CTaTel Kak peakTOPOM, TaK U peL,eH3eHTamm
MOKeT 6bITb O4YeHb Cy6bekTMBHbIM. [Mo3Tomy, He crieayet
0TYaMBaTHLCA ecau Bawy paboTy OTKAOHUAM OT Ny6AnKauMK B
KaKOM-TO KOHKPETHOM ypHane. B aTom cnyyae, umeeT cmbich
CepbesHo 3aAymaTtbCa  Hapg noyemy TakK
NONYYMNOCh U KaK MOXHO WCNPaBUTb PYKOMUCb, 4TOGLI
nonbITaTbCA ONy6/MKOBATb €ro B APYroMm XKypHase.

MHOrMe npecTUsKHble XypHanbl MMET [A0CTAaTOYHO
BbICOKME TpeboBaHWA W OTKAOHAT 6o/blioe KOAUYEeCTBO

npUYnNHamm,

CnUCoK NuTepaTtypbl

A W N

cTaTeil. B mepsyio ovepenp, 3TO CBA3AHO C TeMm, 4YTO 3TU
XYypHasbl noayyaoT 60/blIOE KO/MIMYECTBO pPyKOMuUcen W
npocto ¢usmyeckn He crnocobHbl ony6aMKoBaTb BCe
npuxoaawme crtatbu [5].

Mocne Toro Kak Bawa cTaTba 6yaet yxe ony6anKkosaHa,
MMeEeT CMbIC/1 3aHATLCA ee peKkiamoit. dbdeKkTMBHaA pekaama
cTaTbu 6yaet cnocobcTBoBaTh ee 60sbliei LUTUPYEMOCTH.
LMTMpyemMocTb cTaTeit 4acCTO HanpAmyl CBs3aHa C Tem,
HACKO/IbKO BbICTPO cTaTbsl 6OyAeT 3ameuyeHa Hay4HbIM
coobuLecTBom, B 0CO6EHHOCTH, yYeHbiMK, paboTalowmmn B
6/IM3KMX HaAyYHbIX HanpasaeHusax. [lOBbICUTb 3aMeTHOCTb
cBOMX My6AMKALMIA MOSKHO Yepes HayyHble coLMabHbie CeTH,
Hanpumep, ResearchGate, Twitter u LinkedIn. Kpome Toro,
MHOTAa MOXHO MPOCTO BbICAATb KOMWIO CTaTbW Koasieram, C
KOTOPbIMU Bbl YyXe 3HaKOMbl. KOHEYHO MpM 3TOM He CTOMT
33aHMMATbLCA MACCOBOM PACCbINKOM KOMWUIM CBOEN CTaTbW BCEM
paboTaloWwmMm B ONpedeneHHbIX  HayyHbIX
HanpasaeHusx.

PekomeHZauun u coseTbl, NpeacTaBAeHHble B AaHHOM
CTaTbe, OCHOBaHbl Ha OMbiTe aBTopa B Nyb/aMKaumm cTaTtel, a
TaKe paboTbl B KaUecTBe peaKTopa v peLeH3eHTa BO MHOMMX
XypHanax xumuyeckoro npoduns. OHKU, HU B KOel mepe, He
HOCAT MCYEpPnbIBalOWMIA XapakTep M He npeTeHAyT Ha
a6COMOTHYIO UCTUHY.

Y4€eHbIMm,

BbnarogapHocTu

Astop  6narogaput  P.M.MyctadmHa  (KasaHckuit
focymapcTBeHHbIM MeauumHckuii YHusepcuteT, Poccus) u
C.K. dununnosa (Abo Akademi University, ®unnanaua) 3a
LeHHble 3aMeyYaHns U COBETbI, BbICKa3aHHbIe NpW NoaroToBke
OaHHOM cTaTbMu.
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